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FHOJECTION OPTICAL SYSTEM AND 
PROJECTION EXPOSURE APPARATUS 

FIELD OF THE INVENTION AND RELATED. ART 

This invention relates to a projection 
optical system and a projection exposure apparatus for 
projecting a pattern of a mask onto a substrate 
through the projection optical system. More 
particularly, the invention concerns a catadioptric 
projection optical system having a reflection mirror, 
for printing, by projection exposure, a reticle 
pattern on a semiconductor wafer. 

The density of anlintegrated circuit 
increases more and more, an© the specification and 
performance required for a projection (exposure) 
optical system become much st&rict. Generally, in 
order to obtain a higher resolving power, the exposure 
wavelength is shortened and/orlthe numerical aperture 
(NA) of a projection optical s^tera is enlarged. 

However, as the exposure wavelength reaches a 
region of 193 nm (ArF excim&r laser light) or 157 nm 
(F 2 exciraer laser light), uskble lens materials are 
limited to quartz and fluorittp. This is mainly 
because of decreases of the l\ght transmission factor. 
For example, in a projection obtical system such as 
disclosed in Japanese Laid-OpeA Patent Application, 
Laid-Open No. 79345/1935, whereVn it comprises all 
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aberration can not be cororected only with a single 
lens material. Any way, it is very difficult to 
provide a projection opticbl system only by use of 
dioptric systems- * 

In consideration of these inconveniences, 
many proposals have been made to introduce a 
reflecting system, having a mirror, into an optical 
system to thereby avoid the problems of transmission 
factor and color correction. For example, Japanese 
Laid-open Patent Applications, Laid-Open Nos. 
211332/1997 and 90602/1998 show a catoptric projection 
optical system which is constituted only by use of 
reflecting systems. Further, U,S. Patent No. 
5,650,877 and Japanese Laid-Open Patent Applications, 
Laid-open Nos. 210415/1987, 258414/1987, 163319/1988, 
66510/1990, 282527/1991 9 234722/1992, 188298/1993, 
230287/1994, and 304705/1996 show a catadioptric 
projection optical system having a combination of 
catoptric and dioptric systems - 

Where a projection optical system which 
includes a catoptric systems to meet the shortening of 
the exposure wavelength and vthe enlargement of NA 
(numerical aperture) is produced, the structure should 
of course be one that enables Icorrect ion of chromatic 
aberration. In addition, ideaiistically , the 
structure should be simple and enough to enable that 
an imaging region of sufficient size is defined upon 
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an image plane, that: the number of optical elements 
such as mirrors or lenses i& small, thai: the mirror 
incidence angle and reflection angle are not large, 
and that a sufficient image-^.de working distance i: 
assured . 

If an imaging red ion width of sufficient size 
is attainable on the image! plane, in the case of a 
scan type projection exposure apparatus , it is 
advantageous in respect to|the throughput, such that 
the exposure variation can fce suppressed- If the 
number of optical elements Its small, the process load 
in the production of optical elements such as mirrors 
and lenses can he reduced. ((Also, since the total 
glass material thickness caxil he made smaller, the loss 
of light quantity can be reduced. Further, the 
increase of the footprint of lithe apparatus can be 
suppressed, and the loss of jjight quantity due to the 
film can also be decreased. ^Particularly , this is 
very advantageous because, wh|re the exposure 
wavelength is 157 run ( F 2 excimer laser light), the 
loss of light quantity at the \\nirror reflection film 
can not be disregarded. WhereH the mirror incidence 
angle and reflection angle are|not large, the 
influence of a change in light ^quantity due to the 
angular characteristic of the reflection film can he 
suppressed. If a sufficient image-side working 
distance can be maintained, it lis advantageous in 
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respect to structuring an iutofocusing system or a 
wafer stage conveyance syslem in the apparatus. If 
the structure is simple, coftipiicatedness of a 
mechanical barrel, for example, can he avoided, and it 
provides an advantage to the ^manufacture „ 

Here, the conveik i on a 1 examples are 
considered in respect to t*ie above-described points. 

the projection optical system shown in 
U.S. Patent \o. 5,650,877, a Mangin mirror and a 
refracting member are disposed in an optical system to 
print an image Af a reticle on a wafer. This optical 
system has inconveniences that, in every picture angle 
used, there occurs light interception (void) at the 
central portion of\a pupil and that the exposure 
region can not be mide large. If the exposure region 
is to be enlarged, ifc dxsadvantageously causes 
widening of the light interception at the central 
portion of the pupil. \ Further, the refractive surface 
of the Mangin mirror kefines a beam splitting surface 
such that the light quantity decreases to a half each 
time the light passes Ithis surface. The light 
quantity will be decreased to about 10% upon the image 
plane (wafer surface) 

In the projection optical systems shown in 
Japanese Laid-open Patent Applications, Laid-Open Nos. 
211332/1997 and 90602/199S, theLsic structure 
comprises a reflection system on\\y. However, in 
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respect to aberration {Petzval sum) and mirror 
disposition, it is difficult to keep sufficient 
imaging region width on the image plane. Also, since 
in this structure a concave mirror adjacent the image 
plane and having a large lower mainly has an imaging 
function, enlargement of NA is difficult to 
accomplish. Since a convex mirror is placed just 
before the concave mirror, Ik sufficient image-side 
working distance can not be Laintained. 

In the projectioii optical systems shown in 
Japanese Laid-Open Patent Applications, Laid-Open Nos. 
210415/1987 and 258414/1987, a Cassegrain type or 
Schwarzschild type mirror system is used. An. opening 
is formed at the central portion of the mirror, by 
which a void is defined in the pupil such that only 
the peripheral portion of the pupil contributes to the 
imaging. However, the presence of a void in the pupil 
will have an influence on the imaging performance. If 
the pupil void is to he made smaller, the power of the 
mirror must he large. This causes enlargement of the 
incidence and reflection angles of the mirror. 
Further, an enlarged NA (numerical aperture) will 
cause a large increase of the mirror diameter. 

In the projection dbtical systems shown in 
Japanese Laid-Open Patent Applications, Laid-Open Nos. 
163319/1988, 188298/1993 and A30287/1994, the 
structure is complicated due t& deflection and bend of 
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the optical path- Since Vnost of the power of optical 
groups for imaging an inllprmediate image, as a final 
image, is sustained by a feoncave mirror, it is 
structurally difficult to enlarge the NA. The 
magnification of the lens |system which is disposed 
between the concave rairroiH and the image plane is at a 
reduction ratio and also it has a positive sign. 
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because of the necessity 



of light path division. Sinjfce the optical system has 
to be large, there is a disadvantage in respect to the 
footprint - 

In the projection optical systems shown in 
Japanese Laid-open Patent applications, Laid-open Nos, 
66510/1990 and 282527/199l| the optical path is 
divided by a beam splitter! and this makes the barrel 
structure complicated. it rieeds a beam splitter of 
large diameter and, if this is of a prism type, the 
loss of light quantity is lartae because of its 



thickness. For a largel NA, a larger diameter is 
necessary, and thus the koss of light quantity becomes 
larger. If the beam splitter is of a flat plate type, 
there will occur astigmatism and comma even in regard 
5 to axial light rays. Furwier, there may occur 

aberrations due to a changfe in characteristic at the 
light dividing surface or production of asymmetric 
aberration resulting from tnermal absorption. It is 
therefore difficult to manufacture the beam splitter 

10 very accurately- \\ 

In the projection optical systems shown in 
Japanese Laid-Open Patent Applications, Laid-open Nos, 
234722/1992 and 304705/1996 r many of the above- 
described inconveniences may be removed. However, 

15 each time the optical path is deflected, the light 

path from a concave mirror is divided. This requires 
eccentric optical handling and it makes the structure 
and assembling very complicated . 



2 0 SUMMARY OF THE INVENTION 

It is accordingly an object of the present 
invention to provide a projection optical system of 
simple structure and easy assembling wherein an 
optical system such as disclosed in Japanese Laid-Open 

25 Patent Applications, Laid-Open Nos. 234722/1992 and 
304705/1996, described above, is improved. It is 
another object of the present invention to provide a 
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project ion exposure apparatus and/or a device 
manufacturing method using the same* 

In accordance with the present invention, a 
projection optical system, a projection exposure 
5 apparatus and a device manufacturing method having 
features as stated in Items (1) - (37) below are 
provided * 

(1) A projection optical system for projecting an 
image of an object onto an image plane, comprising: a 

10 first imaging optical system for forming an image of 
the object; a second imaging optical system for re- 
imaging the image upon the image plane; wherein said 
first and second imaging optical systems are disposed 
in an order from the object side and are disposed 

15 along a common straight optical axis, wherein said 

first imaging optical system includes a first mirror 
for reflecting and collecting abaxial light from the 
object, wherein one of said first and second imaging 
optical systems includes a second mirror for 

20 reflecting light from said first mirror to the image 
plane side, and wherein, with said second mirror, the 
abaxial light is caused to pass an outside of an 
effective diameter of said first mirror, 

(2) A projection optical system according to Item 
25 (1) wherein said first imaging optical system has a 

magnification p which satisfies a relation J g j ^ 1. 

(3) A projection optical system according to Item 
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(1) or (2) wherein said first imaging optical system 
includes at least one lens* 

(4) A projection optical system according to Item 
(3) wherein said lens has a positive refracting power. 

(5) A projection optical system according to any 
one of Items (1) to (4) wherein said second imaging 
optical system includes at least one lens. 

(6) A projection optical system according to Item 
(5) wherein said lens has a positive refracting power. 

(7) A projection optical system according to any 
one of Items (1) to (6), further comprising a lens 
group disposed between said first and second mirrors, 

(8) A projection optical system according to Item 
(7) wherein said lens group has a negative refracting 
power and wherein said lens group is disposed between 
said first mirror and a refractive lens of said first 
imaging optical system, having a positive refracting 
power . 

(9) A projection optical system according to I t em 
( 1 ) F further comprising a field optical system 
disposed between said first and second imaging optical 
systems, for projecting a pupil of said first imaging 
optical system onto said second imaging optical 
system, wherein said first imaging optical system 
comprises a first mirror group of positive refracting 
power, including at least said first mirror, and a 
second mirror group including said second mirror. 
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wherein light from said first mirror group as 
reflected by said second mirror group is caused to 
pass an outside of an effective diameter of said first 
mirror group. 

(10) A projection optical system according -to Item 
(9) wherein said second imaging optical system is 
constituted by lenses only and it has a positive 
refracting power. 

(11) A projection optical system according to Item 
(9) or (10) wherein said second imaging optical system 
has a magnification BG2 which satisfies a relation 
-0.5 < BG2 < -0.05, 

(12) A projection optical system according to any 
one of Items (9) to (11), wherein said first imaging 
optical system has a magnification BGl which satisfies 
a relation -40.0 < BGl < 

(13) A projection optical system according to any 
one of Items (9) to (12), whjerein said field optical 
system is all constituted by Menses, 

(14) A projection optical system according to any 
one of Items (9) to (12), \Wherein said field optical 
system comprises a first fiteld mirror and a second 
field mirror group including a second field mirror, 
wherein abaxial light passecR through the outside of 
the effective diameter of said first mirror group is 
reflected by said first field! mirror and said second 
field mirror, in this order, And after that, the light 
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passes a region adjacett the optical axis of said 
first filed mirror and enters said second imaging 
optical system. * 

(15) A projection optical system according to Item 
(14) wherein said first Aled mirror comprises a 
concave mirror and wherein^ said second field mirror 
comprises a convex mirror. \ 

(16) A projection optical system according to Item 
(14) wherein said first filed mirror comprises a 
concave mirror and wherexn&said second field mirror 
comprises a concave mirror A 

(17) A projection optical system according to any 
one of Items (9) to (16), wherein relations PI < 0 . and 
Pf + P2 > 0 are satisfied where PI, Pf and P2 are 
Petzval sums of said first imaging optical system, 
said field optical system and said second imaging 
optical system, respectively. 

(18) A projection optical system according to any 
one of Items (9) to (17), wherein a relation 0.6 < 
e/LMl < 2.5 is satisfied where LM1 is a paraxial 
distance between the object and said first mirror, and 
e is a distance from the object to a pupil conjugate 
point defined by an optical element positioned at the 
object side of said first mirror. 

(19) A projection optical system according to any 
one of Items (9) to (18), wherein the distance LMl 
satisfies a relation 0.5 < OIL/ ( LMl+2xLM2 ) < 20 where 
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L.M2 is a paraxial distance between said first and 
second mirrors, and OIL is a paraxial distance along 
the optical path, from the object to the image defined 
by said first imaging optical system. 

(20) A projection optical system according to any 
one of Items (9) to (19), wherein the distances LM1 
and LM2 satisfy a relation 0.2 < LM2/LM1 < 0.95. 

(21) A projection optical system according to any 
one of Items (9) to (20), wherein the distance LM1 
satisfies a relation 0.15 < LM1/L < 0.55 where L is a 
distance from an object plane to an image plane in 
said projection optical system. 

(22) A projection optical system according to any 
one of Items (9) to (21 ), wherein said first mirror 
group has a magnification BGM1 which satisfies a 
relation -2.0 < 1/BGM1 < 0.4. 

(23) A projection optical system according to any 
one of Items (9) to (22), wherein said first imaging 
optical system has a lens group of positive refracting 
power, disposed closest to the object side. 

(24) A projection optical system according to any 
one of Items (9) to (23), wherein said first mirror 
group includes a lens of negative refracting power and 
said first mirror. 

(25) A projection optical system according to any 
one of Items (9) to (24), wherein said second mirror 
group includes said second mirror and a lens. 
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(26) A projection optical system according to any 
one of Items (9) to (25), wherein the abaxial light 
from the object passes a lens of said second mirror 
group before it is incident on said first mirror 

b group. 

(27) A projection optical system according to any 
one of Items (9) to (26), wherein a positive lens, 
included by said field optical system, is disposed 
just after the image plane side of said first mirror 

10 group of said first imaging optical system. 

(28) A projection optical system according to any 
one of Items (14) to (16), wherein a relation 0.45 < 
LFM1/LFM2 < 0,8 is satisfied where LFM1 is a distance 
between said second field mirror and said first field 

15 mirror, and LFM2 is a distance between said second 
field mirror and the image plane. 

(29) A projection optical system according to any 
one of Items (14) to (16), wherein said second field 
mirror group includes said second field mirror and a 

20 lens. 

(30) A projection optical system according to any 
one of Items (14) to (16), (28) and (29), wherein a 
positive lens, included by said field optical system, 
is disposed between said first mirror of said first 

25 imaging optical system and said second field mirror of 
said field optical system, wherein light reflected by 
said second mirror of said first imaging optical 
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system passes said positive lens and then is reflected 
by said first field mirror. 

(31) A projection optical system according to any 
one of Items (1) to ( 30 ) r wherein said projection 
optical system is telecentric with respect to each of 
the object side and the image plane side. 

(32) A projection optical system according ro any 
one of Items (1) to (31), wlerein said projection 
optical system has a magnif i&ation of reduction ratio, 

(33) A projection optical system according to any 
one of Items (1) to (32), further comprising a field 
stop disposed at the position of the image defined by 
said first imaging optical system, for changing at 
least one of a size and a shape of an imaging region 
upon the image plane. 

(34) A projection optical system according to any 
one of Items (1) to (33), further comprising a stop 
disposed inside said second imaging optical system. 

(35) A projection exposure apparatus for 
projecting a pattern of a mask onto a substrate 
through a projection optical system as recited in any 
one of Items (1) to (34). 

(36) A projection exposure apparatus according to 
Item (35) wherein laser light from one of an ArF 
excimer laser and an F2 laser is used for the 
projection exposure . 

(37) A device manufacturing method, comprising the 
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steps of: printing a device pat-tern on a wafer by 
exposure, using a projection exposure apparatus as 
recited in item (35) or (36); and developing the 
exposed wafer. 
5 These and other objects, features and 

advantages of the present invention will become more 
apparent upon a consideration of the following 
description of the preferred embodiments of the 
present invention taken in conjunction with the 
10 accompanying drawings . 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic view of an example of 
the structure of a projection optical system according 
15 to an embodiment of the present invention. 

Figure 2 is a schematic view of an example of 
the structure of a projection optical system according 
to a first embodiment of the present invention, 
wherein a refractive lens group R is disposed in a 
20 group L2 - 

Figure 3 is a schematic view of a basic 
structure of a projection optical system according to 
a second embodiment of the present invention. 

Figure 4 is a sectional view of a lens 
25 structure in Example 1 of the present invention. 

Figure 5 is a sectional view of a lens 
structure in Example 2 of the present invention. 
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Figure 6 is a sectional view of a lens 
structure in Example 3 of the present invention. 

Figure 7 is a sectional view of a lens 
structure in Example 4 of the present invention. 

Figure 8 illustrates aberrations in Example 1 
of the present invention. 

Figure 9 illustrates aberrations in Example 2 
of the present invention. 

Figure 10 illustrates aberrations in Example 

3 of the present invention. 

Figure 11 illustrates aberrations in Example 

4 of the present invention. 

Figure 12 is a 
in a case, in Example 5 
wherein a field optical 
lens systems. 

Figure 13 is a 
in a case, in Example 6 
wherein a field optical 
lens systems . 

Figure 14 is a 
in a case, in Example 7 
wherein a field optical 
lens systems. 

Figure 15 is a 
in a case, in Example 8 
wherein a field optical 



schematic view of a light path 
of Ihe present invention, 

syste^n is all constituted by 

schematic view of a light path 
ofVthe present invention r 

system is all constituted by 

schematic view of a light path 
of -qtie present invention, 

systqp is all constituted by 



schematic view of a light path 
of the present invention, 
systeA is all constituted by 
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lens sys^ms . 

Figure 16 is a schematic view of a light path 
in a case, in Example 9 of tVe present invention, 
wherein a field optical syste| is all constituted by 
1 en s sy s t ems . 

Figure 17 is a schematic view of a light path 
in a case, in Example 10 oflthe present invention, 
wherein a field optical system is all constituted by 
lens systems. 

Figure 18 is a sdfcematic view of a light path 
in a case, in Example 11 ofi the present invention, 
wherein a field optical sys|em is all constituted by 
lens systems . 

Figure 19 is a schematic view of a light path 
in a case, in Example 12 dftf the present invention, 
wherein a field optical system is all constituted by 
lens systems. 

Figure 20 is a schematic view of a light path 
in a case, in Example 13 of the present invention, 
wherein a field optical system includes two mirrors. 

Figure 21 is a schematic view of a light path 
in a case, in Example 14 of the present invention, 
wherein a field optical system includes two mirrors. 

Figure 22 is a schematic view of a light path 
in a case, in Example 15 of the present invention, 
wherein a field optical system includes two mirrors. 

Figure 23 is a schematic view of a light path 
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in a case , in Example 16 of the present invention, 
wherein a field optical system includes two mirrors. 

Figure 24 is a schematic view of a light path 
in a case, in Example 17 of the present invent i on , 
5 wherein a field optical system includes two mirrors. 

Figure 25 is a schematic view of a light path 
in a case, in Example 18 of the present invention, 
wherein a field optical system includes two mirrors. 

Figure 26 is a schematic view of a light path 
10 in a case, in Example 19 of the present invention, 

wherein a field optical system includes two mirrors. 

Figure 27 is a schematic view of a light path 
in a case, in Example 20 of the present invention, 
wherein a field optical system includes two mirrors* 
15 Figure 28 is a schematic view of a light path 

in a case, in Example 21 of the present invention, 
wherein a field optical system includes two mirrors - 

Figure 29 illustrates aberrations in Example 

5 of the present invention, 

20 Figure 30 illustrates aberrations in Example 

6 of the present invention. 

Figure 31 illustrates aberrations in Example 

7 of the present invention* 

Figure 32 illustrates aberrations in Example 
2 5 8 of the present invention* 

Figure 33 illustrates aberrations in Example 
9 of the present invention. 
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Figure 34 illustrates aberrations in Example 

10 of the present invention. 

Figure 35 illustrates aberrations in Example 

11 of the present invention. 

Figure 36 illustrates aberrations in Example 

12 of the present Invention. 

Figure 37 illustrates aberrations in Example 

13 of the present invention. 

Figure 38 illustrates aberrations in Example 

14 of the present invention. 

Figure 39 illustrates aberrations in Example 

15 of the present invention. 

Figure 40 illustrates aberrations in Example 

16 of the present invention. 

Figure 41 illustrates aberrations in Example 

17 of the present invention. 

Figure 42 illustrates aberrations in Example 

18 of the present invention. 

Figure 43 illustrates aberrations in Example 

19 of une present invention. 

Figure 44 illustrates aberrations in Example 

20 of the present invention. 

Figure 45 illustrates aberrations in Example 

21 of the present invention. 

Figure 46 illustrates numerical parameters in 
Examples 1 - 12 of the present invention. 

Figure 47 illustrates numerical parameters in 
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Examples 13 - 21 of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with an embodiment of the 
present invention, a catadioptric projection optical 
system, such as shown in Figure 1, is provided (First 
Embodiment). Denoted at 101 is a reticle which is 
illuminated with an illumination system, not shown. 
Denoted at 102 is a wafer, and denoted at 103 is an 
optical axis of an optical system in the first 
embodiment- Here, the optical system comprises at 
least first and second imaging optical systems Gl and 
G2, in an order from the object side. The reticle 101 
and the wafer 102 are held by movable stages (not 
13 shown), respectively. 

The first imaging optical system Gl 
comprises, in an order from the object side, at least 
a first mirror Ml, having a refracting element LI, and 
and a second mirror M2 . Light from the reticle 101 is 
20 imaged by the first imaging optical system Gl , whereby 
an intermediate image io is formed. Here, abaxial 
light from the reticle 101 passes an outside of the 
effective diameter of the first mirror Ml. The 
intermediate image lo as imaged by the first imaging 
25 optical system Gl is then imaged on the wafer 102 by 
the second imaging optical system G2, comprising a 
refracting element, ar. a predetermined magnification. 
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In the structure described above, the optical system 
of the first embodiment has one optical axis 103, and 
it accomplishes a multiple-number imaging optical 
system wherein abaxial light without light 
interception of a pupil is imaged. 

The first imaging optical system Gl 
comprises, at least, one or more refracting lenses and 
two mirrors. The refractive lens group LI mainly 
functions to keep the telecentrici ty at the object 
side and contributes to correction of distortion 
aberration. Also, it serves so that light is incident 
on the first mirror Ml without excessive expansion. 

The second mirror M2 is disposed opposed to 
the first mirror Ml and the optical axis 103, and it 
functions to deflect the light from the first mirror 
Ml toward the positive direction and also to direct 
the light toward the outside of the effective diameter 
of the first mirror Ml. Here, the direction from the 
reticle 101 toward the wafer 102 is taken as a 
positive direction. With the structure described 
above, light can be directed to the second imaging 
optical system without a void in a pupil and without 
bena of the optical axis. 

The refractive lens group LI should desirably 
have a positive refracting power. With the positive 
refracting power, the incidence height on the first 
mirror Ml can be kept moderate and also the incidence 
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angle on the first mirror Ml with respect to the 
optical axis can be made large such that separation of 
light by the second mirror M2 is made easy. The first 
mirror Ml should desirably be a concave mirror. 

In the optical system of the first 
embodiment, the pupil of the first imaging optical 
system Gl is present before or after the first mirror 
Ml. In the portion adjacent there, the width of light 
at each picture angle in the first imaging optical 
system Gl becomes large. Additionally, dispersion of 
light due to the difference in picture angle becomes 
small. Thus, the first mirror Ml as it has a positive 
power, i.e., as being provided by a concave mirror, is 
effective to converge lights, of each picture angle, 
from the refractive lens group LI, such that 
separation of light after the second mirror M2 is made 
easier. Also, a curvature of field is produced in an 
"over" direction, thereby to cancel an "under" 
curvature of field in the second imaging optical 
system G2 . 

The second mirror M2 plays a role of 
returning the light from the first mirror Ml toward 
the positive direction along the optical axis 103. 
Here, the second mirror M2 may be a concave mirror or 
a flat mirror, or a convex mirror. it should have a 
required shape based on the difference in power 
arrangement. it is to be noted that, in the first 
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imagirig optical system Gl, for cancellation of the 
curvature of field of the second imaging optical 
system G2 as well as other aberrations, the second 
mirror M2 may be a concave mirror. This is preferable 
since the refracting power o± the first mirror Ml is 
shared by it • 

The second imaging optical system G2 has a 
function for imaging the intermediate image io, being 
imaged by the first imaging optical system Gl, upon 
tne wafer 102. The second imaging optical system G2 
operates to cancel aberrations such as curvature of 
field in the "over" direction, for example, as 
produced by the first imaging optical system Gl . The 
second imaging optical system G2 comprises a 
refractive lens system. By constituting a final 
imaging optical system with use of a refractive lens 
system, an optical system having a large numerical 
aperture can be accomplished easily. 

The second imaging optical system has a 
reduction magnification, and this prevents an 
excessive increase of the width of light at the first 
imaging optical system Gl as well as it facilitates 
separation of light by the first and second mirrors Ml 
and M2. mere is an aperture stop inside the second 
imaging optical system G2 . 

The refractive lens iroup R may be disposed 
in the group L2 , including twl mirrors, that is. the 



first and mirrors Ml and M2 . 

Figure 2 is a schematic view of an example 
wherein a refractive lens group JR is disposed in the 
structure of Figure 1 . Here, the same reference 
numerals as those of Figure 1 are assigned to members 
having corresponding functions . 

Where the refractive lens group R is disposed 
between the refractive lens group LI and the first 
mirror Ml, the structure is spch as called a 
reciprocal optical system. Namely, into this 
refractive lens group R, the Aght refracted by the 
refractive lens group LI enteral and, additionally, the 
light reflected by the second niirror M2 passes 
therethrough. Where this refraltive lens group R is 
used, the refracting power thereof should desirably be 
negative. If the refracting power of the refractive 
lens group R is negative, the PetLval sum which the 
first mirror Ml bears is shared- |Also, it contributes 
to correction of chromatic aberration in the whole 
system. Thus, if the refractive Itens group R is 
provided, it should desirably ' have \\a negative 
refracting power. Further, simultaneously, it 
contributes to correction of comma aberration and 
spherical aberration of the whole s^fetem. 

As described hereinbefore, mainly for 
correction of axial chromatic ^aberration or the like, 
the refractive lens group R should preferably be 
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disposed about the first Irnirror Ml. However, it may 
be disposed adjacent the lecond mirror R. Namely, it 
may be disposed at a position fur transmitting the 
reflection light from the fiisst mirror Ml and the 
reflection light from the sfecond mirror. Further, the 
refractive lens group R may ie disposed at any place 
within the range of the grout L2 , including two 
mirrors. Also, lens element s\\ of any number may be 
used. 

The projection optical system in this 
embodiment, particularly Where it is provided by a 
twice-imaging optical syst^n, has a positive 
magni f i cat ion . 

In the first embodiment, with the structure 
such as described above, a catadioptric optical system 
having constituent elements of a smaller number, 
having a high resolving power, having an assured wide 
exposure region, and being easy for assembling and 
adjustment, can be accomplished without light 
interception at the central portion of a pupil. 

in accordance with\another embodiment of the 
present invention, a catadioptric projection optical 
system such as shown in Figurte 3, for example, is 
provided (Second Embodiment). \ In this embodiment, the 
region of the object plane froA which the light 
reaches the image plane and whic&i is attributable to 
the imaging is a semi-arcuate aoAe (ring-like filed) 
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outside the optical axis, and there is no void at the 
centWL portion of the light upon the pupil plane. 
Tne proWtion optical system comprises, in an order 
along the /Wlcal path from the object side, a IIlsl 
imaging systeV Grl having a function for forming an 
intermediate image of the object, a field optical 
system Grf for projecting a pupil of the first imaging 
system Grl onto a pV>il of a second imaging system 
Gr2, and the second imaging system Gr2 is disposed 
Just before the image kane and operates to form a 
final image. The first Vnaging system Grl includes 
two mirror groups, i.e., dyfirst mirror group GM1 
including a first mirror Ml\and having a positive 
refracting power, and a secorid mirror group GM2 
including a second mirror M2 . \ The second mirror group 
GM2 is disposed physically at t\e object side of the 
first mirror group GM1 , and the fVrst mirror Ml is a 
concave mirror having its concave Surface facing to 
the object side. The light from the\object side is 
reflected by the first and second mirrors Ml and M2 , 
in this order, inside the first imagingV system Grl. 
After this, the light goes through the outside of the 
effective diameter of the first mirror gro\p GM1 
toward the image side, and it: passes throug\ the field 
optical system Grf and the second imaging system Gr2 
Thus, the whole system of the projection opticWl 
system is defined along a straight optical axis\ 103. 
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The^Q^ject plane and the image plane are opposed -to 
each other, ats^the opposite onds of the optical axis 
103, The raagnific^on of the projection optical 
system is a reduction reN:io. 

Figure 3 is a schematic view of a basic 
structure of the second embodiment, and Figures 12 - 
45 show Examples 5-21, respectively, to which the 
second embodiment is applied , to be described later, 
in all examples, the first iinaging system Grl has two 
mirrors, and the second imaging system Gr2 comprises 
refractive lens systems only.| Figures 12-19 shows 
cases wherein the field opticau system Grf is all 
provided by lens systems, and Figures 20 - 28 show 
cases wherein the field opt icai\\ system Grf has two 
mirrors , 

Generally, where V mirror is used, the 
optical system functions as\ follows. 

(a) No chromatic aberration occurs at the mirror. 
With this feature, when a concave lens and a 

concave mirror are combined to provide a Mangin 
mirror, even by a positive power, excessive 
dichromatism can be produced. 

(b) The relation between the power of the mirror 
and the Petzval sum is opposite to that of an ordinary 
refractive lens. 

With this feature, since a concave mirror, 
for example, has a negative value of Petzval sum while 
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it has a positive power, the power load of a negative 
lens in the optical system for correction of Petzval 
sum can be reduced . 

(c) Light rays are reflected. 

Because of this, tke optical system has to be 
complicated to place the object and image planes 
opposed to each other. For example, there occur void 
in the pupil, ring field, bend^of optical path. 

In this embodiment , to accomplish the above- 
described purposes, the functions of a mirror such as 
described above are effectively reflected to the 
optical system. As shown i* Figure 3, the structure 
is simple and the projection! optical system is 
disposed along a straight optical axis 103, although 
it uses a first imaging systek a field optical 
system, a second imaging systeW and a mirror, as shown 
in Figure 3. This provides significant advantages. 
Since there is no necessity of bending the optical 
path, the barrel structure can Ae made simple like 
that of a conventional refractivfe lens system. As 
regards the self-weight deformation of an optical 
element, since the gravity di recti on and the optical 
axis direction are registered with\ each other, there 
does not occur asymmetrical deformation. Thus, an 
asymmetrical aberration does not ociur easily. 
Current equipments for manufacture sAch as peripheral 
equipments for assembling and adjustment as well as 
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i>*©truments for measurement, for example, can be used. 
This %s very advantageous in respect to the cost. 
Further /Nsince the footprint of the apparatus is 
substantially the same as that of a conventional 
refractive lens\syst:em , the area to be Occupied is 
unchanged. This feature is accomplished by the 
arrangement that, whiS^e an optical system concept 
(ring field system) in\hich only paraxial light 
contributes the imaging, lbs set, the function (c) 
described above is used twicfein the first imaging 
system Grl, and twice reflections are accomplished 
with use of two mirrors, and tha\ the light from the 
object side is directed through tHfe outside of the 
effective diameter of the first rairftor group GM1 to 
the image side. The light thereaf terVasses through 
the field optical system Grf and the second imaging 
system Gr2, and it reaches the image pla\e. Thus, an 
optical system having a single optical ax\s is 
accomplished . 

The second imaging system Gr2 is all provided 
by refractive lens systems| and it has a positive 
refracting power. with thii structure, enlargement of 
the NA can be met and, additionally, the image side 
working distance can be assumed easily. If the second 
imaging system Gr2 has a concLe mirror, as described 
with reference to the conventional examples, it 
becomes difficult to enlarge t*L NA and to keep the 
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image side working distance. The field optical system 
Grf may be ail provided bl refractive lens systems, as 
shown at (A) in Figure 3. ^Alternatively, it may 
comprise two mirrors, such Ls shown at (B) in Figure 
3. As will be described latter in relation to 
examples, depending on the power arrangement, the 
positive lens FL1 may be omit|ed. In the cs«se of (B) 
in Figure 3, the field optical system Grf includes a 
first field mirror FM1 , comprising a concave mirror, 
and a second field mirror FM2, Comprising a convex 
mirror. The second field mirror| may be provided by a 
concave mirror. 

As regards the color correction , the 
achromatic state of the firit imaging system Grl may 
be made "over achromatism" dL the basis of the 
function (a) described above| when the first mirror 
group GM1 is constituted by 1 lens LN1 of negative 
refracting power as well as the first mirror Ml which 
is a concave mirror. Thus, evkn though a single glass 
material is used for the lens, Correction of chromatic 
aberration can be attained. ThiL is very advantageous 
particularly for use of an ArP elcimer laser or 
excimer laser. 

As regards reduction in the number of optical 
elements or reduction in size and weight, since this 
embodiment concerns a ring field system using abaxial 
light only, the mirror diameter can be made smaller 



-32- 



10 



15 



20 



25 



than that of an optical system of a Cassegrain type 
or Schwarzschild type. Further, the number of mirrors 
is small in this embodiment , as at least two. 

In the first imaging system Grl, due to the 
function (b) described above, the first mirror group 
GM1 of the first imaging system Grl provides a large 
negative Petzval sum. Thus, the field optical system 
Grf and the second imaging system Gr2 can be provided, 
without using many negative refracting power lenses 
for correction of the Petzval sum as in the 
conventional refractive lens system. As a result, the 
number of lenses can be reduced. Further, where the 
second mirror group GM2 of the first imaging system 
Grl is provided by a lens LP1 and a mirror M2 , the 
power sharing of the lens LP1 and the second mirror M2 
can be changed, while keeping the total power of the 
second mirror group GM2 unchanged- Thus, the Petzval 
sum can be controlled as desired. The degree of 
freedom for aberration correction increases, and it 
contributes to reduction of the number of optical 
elements- This is also the case with the second field 
mirror FM2 shown at {&) in Figure 3 and, by combining 
the second field mirror FM2 and the lens LF into a 
second field mirror group, the degree of freedom for 
the Petzval sum correction increases, which 
contributes to reduction in the number of optical 
elements. There arises a necessity that the positive 
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refracting power of the second imaging system Gr2 
should be made large so as to cancel the large 
negative Petzval sum of the first imaging system Grl. 
Since the principal light ray height emitted from the 
first imaging system Grl passes the outside of the 
first mirror group GMl , it is incident on the field 
optical system Grf at a high position. Thus, the 
angle of the principal light ray entering the second 
imaging system Gr2 from the field optical system Grf 
hecomes larger. As a result, in order to maintain the 
image-side telecentricity . there arises a necessity 
that the positive refracting power of the second 
imaging system Gr2 should be larger. Since the 
Positive refracting power of the second imaging system 
Gr2 can be enlarged without contradiction to these two 
necessities, the effective diameter of the second 
imaging system Gr2 becomes smaller. Thus, the 
reduction in size mA weight is accomplished. 

As regards the incidence angle and reflection 
angle of light on the mirror . Lecause this embodiment 

concerns a ring field cvKtom Vi . . , 

«h nexa system, \the incidence angle and 

the reflection angle of the liLt on the mirror can be 

made smaller than that in an optical system of a 

Cassegrain type or Schwa rzschill type . Further, in 

the first imaging system Grl, thi first mirror Ml i S 

disposed adjacent a point optically conjugate with a 

Pupil, and the light reflected byihe second mirror 
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passes about the outsidfe of the effective diameter of 
the first mirror group <&M1 . Since the light is not 
reflected at a high position away from the optical 
axis of the mirror, the Incidence angle and the 
reflection angle of the l|ght on the first and second 
mirrors Ml and M2 do not become extraordinarily large. 
In a case where the field optical system Grf has a 
structure such as shown at |(B) in Figure 3, the 
spacing between the first aiid second field mirrors FM1 
and FM2 is kept large as muck as possible. Also, the 
width of light is narrow. Therefore, the incidence 
angle and the reflection angle do not become 
extraordinarily large . 

As regards the widtA of the imaging region on 
the image plane, the mirror should be disposed so as 
to keep the effective light aslmuch as possible. 
Where the field optical system YGrf comprises only a 
refractive lens system (FiguredW, (A)) or it includes 
a mirror (Figure 3, (B)), in thdft first imaging system 
Grl , the object height may be madk high within the 
tolerable range of aberration correction. Thus, this 
is not an obstacle. In the field ©ptical system Grf 
having a field mirror (Figure 3, since the width 

of light is narrow, it is easy to aVoid eclipse of the 
effective light flux. Therefore, a Sufficient imaging 
region width can be attained 

In the first imaging system Grl, a positive 
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lens group Gl may be ditposed just after the object 
plane. This is effective for the correction of 



r example, and to maintain 
icity satisfactorily, 
duce any warp of the object 
plane (wafer) or to decrease 



distortion aberration, 
its object-side telecent 
Therefore, in order to t 
plane (reticle) or image 

a change in magnlf icatior| due to defocus, it is 
desirable to provide an optical system being 
telocentric both in the oLect side and the image 
Side, by using the positive lens group Gl and the 



In the present invention, 
econd mirror M2 should have 
separation of light. The 



second imaging system Gr2 
as shown in Figure 3, the 
a half disk-like shape, fo 

positive lens group Gl may jkave either a half disk 
like shape, or it may have | disk-like shape for 
easiness of lens manufacturl and lens holding. 
Further, the second mirror ik may be formed at the 
surface portion below the optical axi 5 . For the same 
reason, the lens LPl having J half disk-like shape, 
may have a disk-like shape. L tJlat occasion, the 
light passes the lens lpi thrle times. Similarly, the 
second mirror M2 may be forme! at the lower surface 
portion of the lens LP1 . Also| the first mirror Ml 
may be formed as a back-surf ac J mirror of the lens 
LN1. The mirrors used in the piesent invention may be 
back-surface mirrors, in respec| to the aberration 
correction . 
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As shown at (A) and (B) of Figure 3, the 
field optical system includes a positive lens FL1 
disposed at the back, on the image plane side, of the 
first mirror group GM1 of the first imaging system 
Grl. This structure suppresses enlargement of the 
diameter. While it is necessary to form the first 
face of the positive lens FL1 to have a discontinuous 
shape such as dual curvature, for example, the first 
mirror Ml may be formed at the central portion of the 
positive lens FL1 . Further, a field stop may be 
disposed at the position of an intermediate image of 
the first imaging system, to define a variable imaging 
region on the image plane. This is effective to make 
the illumination system (not shown) very simple. 

In the second embodiment, the optical system 
should preferably satisfy the following conditions. 

Where the magnification of the second imaging 
system Gr2 is BG2 , the followLg relation should be 
satisfied: \ 

-0.5 < BG2 < -0.05 , , , 

Where the magnif icationl of the first imaging 
system Grl is BG1 , the following Velation should be 
satisfied: \ 

-40.0 < BG1 < -0.5 (2) 
When the Petzval sums of the first imaging 
system Grl, of the field optical system Grf and of the 
second imaging system are PI, Pf and P2. respectively. 
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the following relations are satisfied: 
PI < 0 
Pf+P2 > 0 

• . * ( -3 ) 

When the paraxial distance between the object 
and the first mirror is LM1 , and the distance from the 
object to a pupil conjugate point defined by an 
optical element, which is at the object side of the 
first mirror, is e, these distances satisfy the 
following relation: 

0.6 < e/LMl < 2. 5 ... (4) 

Where the paraxia\l distance between the first 
and second mirrors is LM2 , L the paraxial distance 
from the object plane to tneV intermediate image by the 
first liuayiuy system is OIL, Vhe distance LM1 
described above satisfies the Vol lowing relation: 

0.5 < OIL/(LMl+2xLM2) < 20 , = * 

The distances LM1 and LM2 satisfy the 
following relation: 

0.2 < LM2/LM1 < 0.95 

• ' • (O ) 

Where the distance Aom the object plane to 
the image plane with respect t\p the projection optical 
system is L, the distance LM1 described above 
satisfies the following relatioA: 

0.15 < LM1/L < 0.55 , . 

When the magnification of the first mirror 
group is BGM1 , the following relation is satisfied: 
-2.0 < 1/BGM1 < 0.4 • , QX 

- ••(!)) 
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The condition (1) defines the magnification 
of the second imaging system Gr2 in a proper range, so 
as to obtain a good imaging performance and to assure 
the back focus (image side working distance), while 
meeting enlargement of the NA. By keeping a negative 
value throughout the whole range, the back focus is 
assured easily. 

Here, if the lower limit is exceeded, the 
power of the second imaging system Gr2 becomes small, 
such that the diameter of the second imaging system 
becomes large, or the virtual object height with 
respect to the second imaging system Gr2 becomes low. 
As a result, the powers of the groups constituting the 
field optical system Grf become larger, causing 
15 difficulties in correction of distortion aberration or 
curvature of field. Alternatively, the magnification 
of the first imaging system Grl becomes too small, 
such that there may occur interference of the 
reflection light from the second mirror M2 with the 
first mirror group GM1 . This makes the power 
arrangement difficult. On the other hand, if the 
upper limit is exceeded, the power of the second 
imaging system Gr2 increases, and it makes the 
correction of aberration difficult to accomplish. 
Further, the diameter of the field optical system Grf 
disadvantageously increases. 

The condition (2) defines the magnification 
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of the first imaging system Grl so that, while keeping 
an appropriate power of the first imaging system Grl, 
the reflection light from the second mirror M2 
efficiently passes without interference with the first 
mirror group GM1 . If the lower limit is exceeded, the 
width of light becomes large at the outside of the 
first mirror group GM1, to cause an enlargement of the 
field optical system Grf or an increase of the power 
of the second imaging system Gr2 . This makes the 
aberration correction difficult to accomplish. 

if the upper limit is exceeded, the power of 
the first imaging system Grl increases to cause 
difficulties in aberration correction. Alternatively, 
there may occur an inconvenience that the reflection 
light from the second mirror M2 interferes with the 
first mirror group GM1. Here, the lower limit of the 
condition (2) may preferably be egual to -5.0. 

The condition (3) relates to the Petzval sum 
which determines the field curvature of the optical 
system as a whole. The Petzval sum of the whole 
system may preferably be equal to about zero. 
However, in this embodiment, due to the presence of 
the first mirror group GM1 , the Petzval sum of the 
first imaging system Grl has a large negative value. 
In order to cancel this, the total of the Petzval sum 
of the field optical system Grf and that of the second 
imaging system Gr2 has a large positive value. if 



-40- 



10 



lb 



20 



25 



this condition is not satisfied, for correction of the 
Petzval sum, the number of lenses becomes larger, or 
the correction of curvature of field becomes difficult 
to accomplish. 

The condition (4) concerns the positional 
relation of the pupil conjugate point of the first 
imaging system and the first mirror Ml. Taking into 
account a decrease of curvature of field or higher 
order distortion aberration and a decrease of the 
mirror incidence angle such as described above, it is 
desirable to take the positional relation 
substantially registered. if the lower limit is 
exceeded, the heights as the principal rays from each 
object height are reflected by the first mirror Ml 
differ from each other. This causes increases of 
higher order distortion aberration and the curvature 
of field. Also, since the diameter of the first 
mirror group GM1 becomes larger, there occurs an 
inconvenience of interference of the reflection light 
from the second mirror M2 with the first mirror group 
GMi. if tne upper limit ±s exceeded, similarly tne 
heights as the principal rays f rom each object height 
are reflected by the first mirror Mi differ from each 
other, and it causes increases of higher order 
distortion aberration as well as the curvature of 
field. Also, since the angle of the reflection light 
from the second mirror M2 with respect to the optical 
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axis becomes larger, the power sharing of the field 
optical system Grf becomes large, which makes it 
difficult to accomplish the aberration correction. 

Condition (5)\concerns the positional 
relation of the intermediate image by the first 
imaging system Grl and tL firs t mirror Ml. under the 
condition, the reflection^ light from the second mirror 
M2 efficiently passes toward the image side without 
interference with the firsV mirror group GM1 . As 
shown in Figure 3, it is pJbferable that an 
intermediate image is formed substantially outside the 
first mirror Ml. Thus, if l is range is exceeded , tne 
width of light outside the first mirror Ml becomes 
large, and the diameter of trie field optical system 
Grf becomes large. This causls an increase of 
aberration. Particularly, if L e lower limit is 
exceeded, the magnification oflthe first imaging 
system Grl becomes too small, A d there may occur an 
inconvenience of interference ofVthe reflection light 
from the second mirror M2 with thi first mirror group 
GM1. Further, the powers of the A rs t and second 
mirrors Ml and M2 become too large A and the amount of 
aberration production undesirably increases. If the 
upper limit is exceeded, to the contrary, the 
magnification of the first imaging sysVem Grl becomes 
too large. As a result, an excessive sVace is 
produced outside the first mirror Ml, orVthe 
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magnification has to bk reduced by means of the second 
imaging system Gr2 . ThW the power balance of the 
optical system as a whol>e is undesirably be destroyed. 
The upper limit of the condition (5) may preferably be 
equal to 3.0. * 

Condition (6) defines a proper position of 
the second mirror M2 with respect to the first mirror 
Ml. If the lower limit is exceeded, it causes an 
inconvenience that the light directed from the object 
plane to the first mirror Ml is eclipsed by the second 
mirror M2 . if the upper limit is exceeded, the second 
mirror M2 and the object plane come close to each 
other, and the space at the object side becomes small. 

Condition (7) defines a proper position of 
the first mirror Ml with respect to the total length 
of the optical system. if this range is exceeded, the 
power balance of the optical system as a whole is 
undesirably destroyed. Particularly, if the lower 
limit is exceeded, the power of the first imaging 
system Grl increases. If the upper limit i 5 exceeded, 
the power of the second imaging system increases. The 
balance of Petzval sum or aberration cancelling 
relation is undesirably destroyed. 

Condition (8) defines the magnification of 
the first mirror group GM1 in the first imaging system 
Grl. if this range is exceeded, the power of the 
first mirror group GM1 goes beyond a proper range. 
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The power of the second mirror group GM2 for causing 
the reflection light from the second mirror M2 to pass 
through the outside of the first mirror group GM1 , is 
restricted. This results in higher order aberration 
or curvature of field. The light may interfere with 
the first mirror group GM1 . Further, the power 
balance with the second imaging system Gr2 is 
influenced, to cause the aberration correction more 
difficult. Particularly, if the lower limit is 
exceeded, the magnification of the first imaging 
system Grl becomes larger toward the enlargement side, 
so that the power of the second imaging system Gr2 
becomes larger. Any way, the aberration correction 
difficult to accomplish. The upper limit of the 
condition (8) may preferably be equal to -0.2. 

Particularly, in an embodiment such as shown 
at (B) in Figure 3, the field optical system Grf 
comprises a first field mirror FM1 being a concave 
mirror having a concave surface facing to the object 
side, and a second field mirror group GFM2 including a 
second field mirror FM2. The first field mirror mi 
is physically disposed at the image plane side of the 
second field mirror group GFM2. The second imaging 
system Gr2 i s constituted by refractive lenses only, 
and it has a positive refracting power. Light from 
the object is reflected in the first imaging system 
Grl by the first and second mirrors Ml and M2 , in this 
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order, and after this, the light passes the outside of 
an effective diameter of the first mirror group GM1 to 
the image side. Then, the light is reflected in the 
field optical system, toy the first and second field 
mirrors FM1 and FM2 in this order. Thereafter, the 
light goes about the optical axis center of the first 
field mirror fmi to the image plane side, and finally 
it passes the second imaging system Gr2 . Thus, the 
projection optical system as a whole is provided along 
a straight line of optical axis 103. The object plane 
and the image plane are opposed to each other, at the 
opposite ends of the optical axis 103. The 
magnification of the projection optical system as a 
whole is at a reduction ratio. 

Important featured of an embodiment such as 
shown at (B) in Figure 3 reteide in that, in the first 
imaging system Grl, the abok-described function (c) 
are used twice such that the! reflection is performed 
twice by using two mirrors ol the first and second 
mirrors Ml and M2, and that tVie light from the object 
is directed through the outside of the effective 
diameter of the first mirror gVoup GMI to the image 
Plane side. Also, even in the Weld optical system 
Grf, the above-described functicL (c) is used twice, 
and the reflection is made twice\by using two mirrors 
of first and second field mirrors\FMl and FMZ, so that 
the light is directed to the image\ plane side through 
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the optical axis centraA portion of the first field 
mirror FM1 . 

The optical system of this embodiment 
preferably satisfies the following conditions. 

Where the magnification of the first imaging 
system Grl is BG1 , the fallowing relation should be 
satisfied: \ 

-40.0 < BG1 < -0.9 ...(9) 

When the distance between the object plane 
and the first mirror Ml is LM1 , and the distance of a 
pupil conjugate point defined by an optical element, 
which is at the object side of the first mirror Ml, is 
e, these distances satisfy the following relation: 

0.8 < e/LMl < 1.5 ...(10) 

The distance LM1 , the distance LM2 between 
the first and second mirrors Ml and M2 r and the 
paraxial distance OIL from the object plane to the 
intermediate image by the first imaging system Grl 
satisfy "the following relation: 

0.6 < OIL/(LM1+2xLM2) < 20 -..(11) 

The distance LM1 and the conjugate lencrth L 
of the projection optical system as a whole satisfy 
the following relation: 

0,25 < LM1/L < 0.55 ...(32) 

When the magnification of the first mirror 
group GM1 is BGM1 , the following relation is 
satisfied : 
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-1.2 < 1/BGM1 < 0.4 ...(13) 
The distance LFM1 between the first and 
second field mirrors FM1 and FM2, and the distance 
LFM2 between the second field mirror FM2 and the image 
plane, satisfy the following relation: 

0.45 < LFM1/LFM2 < 0.8 ...(14) 
Conditions (9) to (13) are similar to those 
described hereinbefore. Condition (14) defines the 
positional relation of the first and second field 
mirrors FM1 and FM2. If the lower limit is exceeded, 
the space between the first and second field mirrors 
FM1 and FM2 becomes narrower, and the powers of the 
mirrors become larger. Thus, the aberration at the 
mirror surface disadvantageously increases. If the 
upper limit is exceeded, the lens space for 
constituting the second imaging system Gr2 becomes 
narrower, and the aberration disadvantageously 
increases due to an increase of the power of each 
lens . 

In the second embodiment of the present 
invention as described abcVe, the optical system 
comprises a first imaging sWstem, a field optical 
system and a second imaging Ws tern. Two mirrors of 
the first imaging system are Vised to perform 
reflection twice, to direct lLht to the image plane 
side. By this, the structure Becomes very simple 
wherein the optical axis extendi a single straight 
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line. Further, when predeterminGd conditions such as 
positional relations Af the mirrors, and magnification 
sharing of each imaging system and each mirror group, 
are satisfied, a sufficient imaging region width is 
attainable- Thus, a caliadiopt ric projection optical 
system which is small iiAsiae and light in weight, 
which has optical element* of a reduced number, which 
has incidence angles and reflection angles on the 
mirrors not being very lar^e, and which has a 
sufficient image side worKikg distance, is 
accomplished . 

Specific example! of the present invention 
will now be described. Examples 1-4 are those based 
on the first embodiment described above, and examples 
5-21 are those based on the second embodiment . 
[Example 1 ] \ 

Figure 4 shows a specific lens structure of 
Example 1. The projection magnification was 1:4, and 
the design base wavelength was 157 nm. The glass 
material was f luorite - 

The projection optical system comprises, in 
an order from the object side, a refractive lens group 
Ll having a positive refracting power, a refractive 
lens group R which is a reciprocal optical system 
wherein both the incidence light and reflection light 
of a first mirror Ml {to be placed later) transmit 
therethrough, a concave mirror (first mirror) Ml , a 
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concave mirror (second mirror) M2 , a field JLens group 
F. and a second imaging optical system G2 . 

In this embodiment, the image side numerical 
aperture was NA = 0.6, the reduction magnification was 
1:4, and the object-to-image distance (from the first 
object plane to the second object plane) was L = about 
1170 mm. The design base wavelength was 157 nm. In 
the range of the image height of about 11.25 - 19.75 
nun, the aberration was corrected. An abaxial exposure 
region of arcuate shape, having at least a size of 
about 26 mm in the lengthwise direction and 8 mm in 
the width was assured. 

Figure 8 shows longitudinal and transverse 
aberrations of this example, tend structural 
specifications of numerical example are shown in Table 
1- The aberrations in the drawing concern the base 
wavelength 157 mn ±2 pm. \ 

The refractive lens group LI comprises, in an 
order from the object side, an aspherical positive 
lens having a biconvex shape, and an aspherical 
positive lens of approximately flat-convex shape 
having a convex surface facing to the object side. 
With the refractive lens group LI, the telecentricity 
and the balance of distortion aberration are held 
satisfactorily ana, additionally, the light is 
refracted toward the first mirror Ml and the 
reciprocal optical system R. 
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The refractive Ans group R (reciprocal 
optical syste,, comprises \n aspherical negative leng 
of meniscus shape, having i concave surface facing to 
the object side. Wit* thi.L gative lens , fflalnly ^ 

curvature of field and «i,lW«tic aberration are 
corrected. Also , wltil tfte as ^ erical 

the spherical aberration and comma aberration. f0 r 
example, are corrected. \ 

The first mirror Wl comprises an aspherical 
surface concave mirror having . concave 
to the object side. It has! a positive refracting 
Power and functions to prodJfce a curvature of field in 
the positive direction to caAcel the negative 
curvature of field of the secLd imaging optical 
system which comprises a refrlctive lens. The second 
mirror M2 comprises a concave 1 lrror having . 
surface facing to the image al L. and it serves ±q 
direct the abaxial light on the\ first object 101 to 
the outside of the effective dilneter of the first 
mirror Ml. ^ interinediate , \ ±s 

the outside of the effective diamW of the first 

mirror M1 - m this example the lirst- 

^ ' T:ne H irat imaging optical 

system is an enlarging system, and\ separation between 
the reflection light from the first\ mirror Ml and the 
reflection light from the second mirror M2 is 
accomplished easily. 

In this example, a single aspherical lens of 
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biconvex shape is disposed, as a field lens group F, 
adjacent to the intermediate image. 

The second ikaging optical system G2 
comprises, in an order\ f rom the object side, an 
aspherical positive leis of meniscus shape having a 
concave surface facing W 0 the object sirte, an aperture 
stop, an aspherical positive lens of approximately 
flat-convex shape havind a convex surface facing to 
the image side, an asphetical positive lens having a 
convex surface facing to 1 the object side, an 
aspherical lens having a concave surface facing to the 
image side, an aspherical! lens having a convex surface 
facing to the image side,! and an aspherical positive 
lens having a convex surf Ice facing to the object 
side. The second imaging loptical system G2 provides a 
reduction system for imagikg the light from the field 
lens group F onto the secokd object surface 102. 
Because the light is incident on the aperture stop 
with a certain angle, the Effective diameter of the 
refractive lens about the aperture stop can be 
suppressed small. With thil arrangement, various 
aberrations such as axial ctLomatic aberration and 
spherical aberration can be reduced and, additionally, 
they can foe cancelled with various aberrations 
produced in the first imaging! optical system. Thus, 
satisfactory aberration correction is accomplished in 
the whole system. 
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In this example, the second mirror M2 is a 
spherical mirror, and all the remaining elements have 
an aspherical surface. However, the refractive lenses 
of the first and second imaging optical systems Gl and 
G2 and the first mirror Ml may not be defined by an 
aspherical surface. A spherical lens or spherical 
mirror may be used therefor. However, use of an 
aspherical surface can correct the aberrations better. 
[Example 2] 

Figure 5 shows a specific lens structure of 
Example 2. The projection magnification was 1:4, and 
the design base wavelength was 157 nm. The glass 
material was fluorite. 

The projection optical system comprises, in 
an order from the object side, a refractive lens group 
LI having a positive refracting power, a refractive 
lens group R which is a reciprocal optical system 
wherein both the incidence light and reflection light 
of a first mirror Ml (to be placed later) transmit 
therethrough, a concave mirror (first mirror) Ml, a 
flat mirror (second mirror) M2 . a field lens group F, 
and a second imaging optical system G2. 

In this embodiment, the image side numerical 
aperture was NA = 0.60, the reduction magnification 
was 1:4, and the object-to- image distance (from the 
first object plane to the second object plane) was L = 
about 1205 mm. m the range of the image height of 
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about 10 - 16.25 mm, the aberration was corrected. An 
abaxial exposure region of arcuate shape, having at 
least a size of about 26 mm in the lengthwise 
direction and 4 mm in the width was assured. 

Figure 9 shows Uongitudinal and transverse 
aberrations of this example, and structural 
specifications of numerical example is shown in Table 
2- The aberrations in the\ drawing concern the base 
wavelength and a wavelength! ±2 pm. 

The refractive lens group LI comprises, in an 
order from the object side, a single aspherical 
positive lens having a biconvex shape. The group Le 
including two mirrors comprises a refractive lens 
group R (reciprocal optical system) and first and 
second mirrors Ml and M2. 

The refractive lens group R (reciprocal 
optical system) comprises an aspherical negative lens 
having a concave surface facing to the object side. 
The first mirror Ml comprises an aspherical surface 
concave mirror having a concave surface facing to the 
object side. The second mirror M2 is a flat mirror. 

A field lens group F is disposed adjacent to 
an intermediate image as formed by the first imaging 
optical system. The field lens group-F comprises, in 
an order from the object side, an aspherical positive 
lens of biconvex shape, and an aspherical positive 
lens of meniscus shape having a concave surface facing 
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to -the image side. 

The second imaging optical system G2 
comprises, in an order from the object side, an 
aspherical negative lens of meniscus shape having a 
concave surface facing to the image side, an aperture 
stop, an aspherical positive lens of biconvex shape, a 
spherical positive lens of meniscus shape having a 
convex surface facing to the object side, an 
aspherical positive lens having a convex surface 
facing to the image side, an aspherical positive lens 
having a convex surface facing to the image side, and 
an aspherical positive lens of approximately flat- 
convex shape having a convex surface facing to the 
object side. m this example, the second imaging 
optical system G2 includes a strong negative lens. 
[Example 3] 

Figure 6 shows a specific lens structure of 
Example 3. The projection magnification was 1.-4, and 
the design base wavelength was 157 nm. The glass 
material was fluorite - 

In this embodiment, the image side numerical 
aperture was NA = 0.68, the reduction magnification 
was 1-.4. and the object-to-image distance (from the 
first object plane to the second object plane) was L = 
about 1185 mm. m the range of the image height of 
about 11.25 - 20.25 mm, the aberration was corrected. 
An abaxial exposure region of arcuate shape, having at 
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least a size of about 26 mm in the lengthwise 
direction and 8 nun in the width was assured. 

Figure 10 shoWs longitudinal and transverse 
aberrations of this exdbplo, ana structural 
specifications of numerLal example is shown in Table 
3- The aberrations in tAe drawing concern the base 
wavelength 157 ran ±2 pm. 

The refractive lens group LI comprises, in an 
order from the object side, an aspherical positive 
lens of meniscus shape having a concave surface facing 
to the object side, and an aspherical positive lens of 
biconvex shape. The refractive lens group R 
(reciprocal optical system) comprises an aspherical 
negative lens of meniscus shape, having a concave 
surface facing to the object side. 

The first mirror Ml\ comprises an aspherical 
surface concave mirror havinl a concave surface facing 
to the object side. it has a\ positive refracting 
power and functions to produci a curvature of f i e i d in 
the positive direction to cancll the negative 
curvature of field of the seconb imaging optical 
system which comprises a refractive lens. The second 
mirror M2 comprises an aspherical surface concave 
mirror having a concave surface Acing to the image 
side, and it serves to direct the Vbaxial light on the 
first object 101 to the outside of Yhe effective 
diameter of the first mirror Ml . An\ intermediate 
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image is formed adjacenJ the outside of the effectlve 
diameter ° f the f±rst 4ror Ml. i„ this example , a 



field lens group F ± s di 
intermediate image. Thi 
comprises, in an order f 
aspherical positive lens 
convex surface 



a facing to th 
sitive lens oW 



posed adjacent to the 
field lens group F 
iom the object side, an 
of meniscus shape having a 
he image side, and an 



aspherical positive lens ctf biconvex shape. 

The second imagkng optical system G2 
comprises, in an order fLn the object side, an 
aspherical positive lens If meniscus shape having a 
convex surface facing to ike object side, an aperture 
stop, an aspherical positiL lens of approximately 
flat-convex shape having a \convex surface facing to 
the image side, an asphericUl positive lens having e 
convex surface facing to thi object side, an 
aspherical lens having a coJcave surface facing to the 
image side, an aspherical leks having a convex surface 
facing to the image side, ani an aspherical positive 
lens having a convex surface facing to the object 
side. The second imaging optical system G 2 provides a 
reduction system for imaging i„e light from the field 

16118 gr ° UP F Olito the second Jjbject surface 102. 
Because the lig n1: ls incitlent L ^ aperture stQp 

with a certain angle, the effective diameter of the 
refractive lens about the apertlre stop can be 
suppressed small. With this arrangement, various 
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aberrations such as axidl chromatic aberration and 
spherical aberration canlbe reduced and, additionally, 
they can be cancelled witfti various aberrations 
produced in the first imaging optical system. Thus, 
satisfactory aberration correction is accomplished in 
the whole system. 
[Example 4] 

Figure 7 shows a Specific lens structure of 
Example 4.. The projection magnification was 1:5, and 
the design base wavelength wks 157 nm (wavelength of 
F 2 excimer laser). The glass\material was fluorite. 

In this embodiment! the image side numerical 
aperture was NA = 0.60, and \the object-to-image 
distance (from the first object plane to the second 
object plane) was L * about All mm. in the range of 
the image height of about 9 - \s mm, the aberration 
was corrected. An abaxial exposure region of arcuate 
shape, having at least a size of\ about 20.8 mm in the 
lengthwise direction and 5 mm in Vhe width was 
assured. * 

Figure 11 shows longitudinal and transverse 
aberrations of this exampll, and structural 

specifications of numerical example are shown in Table 
4. * 

The projection optical system comprises, in 
an order from the object side, a refractive lens group 
LI having a positive refracting power, a concave 
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mirror (first mirror) Ml, a concave mirror (second 
mirror) M2 , and a second imaging optical system G2 . 
In this example, there is no refractive lens group R 
or field lens group F, inside the group L2 having two 



mirrors . 



The refractive lens group LI comprises, in an 
order from the object side, an aspherical positive 
lens having a convex surface facing to the image side, 
and an aspherical positive lens of biconvex shape. 

The first mirror n\ comprises an aspherical 
surface concave mirror havinV a concave surface facing 
to the object side. The second mirror M2 comprises an 
aspherical surface concave miiror having a concave 
surface facing to the image sihe, and it serves to 
direct the abaxial light on thl first object 101 to 
the outside of the effective dilmeter of the first 
mirror Ml. An intermediate imale is formed adjacent 
the outside of the effective diaLter of the first 
mirror Ml. In this example, theWrst imaging optical 
system Gl constitutes a reduction \ system. 

The second imaging optical system G2 
comprises, in an order from the object side, an 
aspherical positive lens of biconvex shape, an 
aperture stop, two aspherical positive lenses of 
meniscus shape having a concave surface facing to the 
image side, and an aspherical positive lens having a 
convex surface facing to the object side. The second 
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imaging optical system G2 provides a reduction system 
for imaging the light from the second mirror M2 upon 
the second object surface 102. 

In the four examples described above, except 
Example 2, the first mirrol Ml is all defined by an 
aspherical surface. Howeve^, it may be a spherical 
surface. Further, except Examples 1 and 2, all the 
refractive lenses are aspherical lenses. However, a 
spherical lens may be used in\ combination. 

As regards the aspherical lenses, although 
the surface opposite to the aspherical surface is 
spherical, it may be flat or spherical. Further, the 
first mirror or the second mirror may be provided by 
an aspherical surface having no refracting power. 

In Examples 1 - 4 described above, the 
exposure region has an arcuate shape. However, as 
long as inside the aberration-corrected range, any 
other shape such as a rectangular shape may be used. 
Further, while the group L2 Wing two mirrors is 
shown as including the refraLve lens group R, the 
refractive lens group R and tie mirrors may be 
integrated (Mangin mirror structure). Alternatively, 
the refractive lens group R and\the second mirror M2 
may be integrated into a Mangin^irror structure. 

In the examples described above, while there 
is an aspherical surface data In which the conical 
constant k is taken as zero, tL design may be made 
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while using the conical ^const ant as a variable. 

The exposure Night source used an F 2 laser of 
a wavelength 157 nm. However, a KrK excimer laser 
(wavelength 248 nm) or ArF excimer laser (wavelength 
193 nm), for example, mai be used. Particularly, the 
invention i s effective whlre the wavelength i S 
shortened and usable opticYl materials are limited, 
and the number of optical elements should be reduced. 
Thus, the present invention Y s effective to an optica! 
system to be used with a wavelength not longer than 
250 nm. \ 

In these examples, Vluorite was used as the 
glass material for the wavelength 157 nm from the F 2 
excimer laser. However, any Lher glass material such 
as fluorine doped quartz, for Lample. may be used. 
Where a KrF or ArF light S ource\ is used, fluorite and 
quartz may be used in combinaticin, or only one of them 
may be used. 
[Example 5] 

Figure 12 is an optical path view of Example 
5 of the present invention. The design base 
wavelength was 157 nm of f 2 excimer laser light, the 
NA was 0.6, and the projection magnification „ as 
1.-6. The lens conjugate distance L was 1005 mm. The 
optical system had an exposure region (imaging region, 
upon an image plane, of an arcuate shape, at the image 
height from 8.64 mm to 14.40 mm. The optical system 
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was provided by a small number of optical elements, 
i.e., two mirrors and nine lenses. 

In this example, denoted at rl - r2 are 
components of a first imaging system Grl, and it 
comprises a first mirror Ml (concave surface) and a 
second mirror M2 (concave surface). Denoted at r3 - 
r8 are components of a field optical system Grf, and 
it comprises two positive lenses, including a positive 
lens FL1 disposed at the image side of the first 
mirror Ml. and one negative lens. Denoted at r9 - r21 
are components of a second imaging system Gr2 , and it 
comprises a stop rll, four positive lenses and two 
negative lenses. 

In this example, the magnification of the 
first imaging system Grl is at the most reduction rate 
and, therefore, a value close to the upper limit of 
condition (2) is taJcen. 

Structural specifications of numerical 
examples are shown in Table fe. in this example, an 
image side working distance oV 30 mm is assured, and 
the total glass material leng-flh along the optical path 
is extraordinarily shortened tl 224.7 mm. While the 
largest diameter of the optical! system as a whole is 
227 mm at the field optical sysLm, the largest 
diameter of the second imaging sLstem is small as 125 
mm. regardless of that the NA is\o.6. Figure 29 shows 
aberrations, and from this, it is\ seen that 
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aberrations are corrected satisfactorily. 
[Example 6 J \ 

Figure 13 is an optical path view of Example 
6 of the present invention. The design base 
wavelength was 157 nm of F 2 excimer laser light, the 
NA was 0.6 r and the projection magnification p was 
1:5. The lens conjugate distance L was 956 mm. The 
optical system had an exposure region (imaging region) 
upon an image plane, of an arcuate shape, at the image 
height from 7.2 mm to 14. 40 mm. The optical system 
was provided t>y a small number of optical elements, 
i.e., two mirrors and ten lenses. 

In this example, denoted at rl - r4 are 
components of a first imaging system Grl , and it 
comprises a positive lens (group Gl ) at rl and r2 , a 
first mirror MI (concave surface) and a second mirror 
M2 (concave surface). Denoted at r5 - rlO are 
components of a field optical system Grf , and it 
comprises two positive lenses, including a positive 
lens FL1 disposed at the image side of the first 
mirror Ml, and one negative lens. Denoted at rll - 
r23 are components of a second imaging system Gr2 , and 
it comprises a stop rl3, four positive lenses and two 
negative lenses. 

In this example, the magnification of the 
first imaging system Grl is at a smaller rate and, 
therefore, a value close to the lower limit of 
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condition (8> is taken. Further, based on this, the 
intermediate image at a paraxial portion of the first 
imaging system Grl is formed at a position after the 
light is reflected by the first mirror Ml and before 
it is incident on the second mirror M2 . Therefore, a 
value close to the lower limit of condition (5) ± s 
taken. 

Structural specifications of numerical 
examples are shown in Table 6. In this example, an 
image side working distance of 31 nun is assured, and 
the total glass material lWgth along the optical path 
is extraordinarily sbortenii to 232.1 mm. While the 
largest diameter of the optical system as a whole is 
196 mm at the field optical lystem, the largest 
diameter of the second imagiL system is small as 143 
mm, regardless of that the N A \ is 0.6. Figure 30 shows 
aberrations, and from this, il is seen that 
aberrations are corrected satifef actorily , 
[Example 7] 

Figure 14 is an optical path view of Example 
5 of the present invention. The design base 
wavelength was 157 nm of F ? excimer laser ligbt. the 
NA was 0.6, and the projection magnification was 
1:5. The lens conjugate distance L was 1199 mm. The 
optical system had an exposure region (imaging region) 
upon an image plane, of an arcuate shape, at the image 
height from 8.4 mm to 14.0 nun. The optical system was 
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provided by a small number of optical elements, i.e., 
two mirrors and nine lenses. 

In this example, denoted at rl - r4 are 
components of a first imaging system Grl, and it 
comprises a positive lens (group Gl) at rl and r2, a 
first mirror Ml (concave surface) and a second mirror 
M2 (concave surface). Denoted at r5 * rl2 are 
components of a field optical system Grf , and it 
comprises three positive lenses, including a positive 
lens FL1 disposed at the image side of the first 
mirror Ml, and one negative lens. Denoted at rl3 - 
r2l are components of a second imaging system Gr2, and 
it comprises a stop rl3 and four positive lenses. 

In this example, since the position of a 
pupil conjugate point of the first imaging system Grl 
is largely remote, in the positive direction, from the 
position of the first mirror Ml, a value close to the 
upper limit of condition (4) is taken. Further, since 
the distance from the object plane to the first mirror 
Ml is short as compared with the whole optical length, 
a value close to the lower limit of condition (7) is 
taken. 

Structural specifications of numerical 
examples are shown in Tabli 7. m this example, an 
image side working distancelof 31 mm is assured, and 
the total glass material lenWth along the optical path 
is extraordinarily shortened \to 333.8 mm. While the 
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largest diameter of thd optical system as a whole is 
250 mm at the field optical system, the largest 
diameter of the second imaging system is small as 143 
mm, regardless of that tke NA is 0.6. Figure 31 shows 
aberrations, and from this, it is seen that 
aberrations are corrected^ satisfactorily. 
[Example 8] 

Figure 15 is an optical path view of Example 
8 of the present invention- The design base 
wavelength was 157 run of F 2 excimer laser light, the 
NA was 0-6, and the projection magnification was 
1:5. The lens conjugate distance L was 1198 mm. The 
optical system had an exposure region (imaging region) 
upon an image plane, of an arcuate shape, at the image 
height from B. 4 mm to 14.0 mm. The optical system was 
provided by a small number of optical elements, i.e., 
two mirrors and ten lenses; 

In this example, denoted at rl - rlO are 
components of a first imaging system Grl , and it 
comprises a positive lens (group Gl ) , a first mirror 
Ml (concave mirror) and a second mirror (concave 
mirror) M2 . The imaging system group Gl comprises a 
positive lens at rl and r2 , negative lenses at r3 and 
r4; r6 and r7 ; and r9 and rlOa of the same type which 
are physically disposed between the first and second 
mirrors Ml and M2 . Denoted at rll - rl8 are 
components of a field optical system Grf, and it 
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comprises three positive lenses, including a positive 
lens FL1 disposed at the image side of the first 
mirror Ml, and one negative lens. Denoted at rl9 - 
r27 are components of a second imaging system Gr2, and 
it comprises a stop rl9 and four positive lenses. 

In this example, the negative lenses are 
provided in the first imaging system Grl, between the 
first mirror Ml and the second concave mirror M2 , so 
as to avoid the inconvenience of interference of the 
reflection light from the second mirror with the first 
mirror Ml and also to correct distortion aberration, 
for example . 

Structural specifications of numerical 
examples are shown in Table 8. In this example, an 
image side working distanL of 36.1 mm is assured, and 
the total glass material llength along the optical path 
is extraordinarily shortened to 337.6 mm. While the 
largest diameter of the opAical system as a whole is 
245 mm at the field optical! system, the largest 
diameter of the second imaging system is small as 142 
mm, regardless of that the nA is 0.6. Figure 32 shows 
aberrations, and from this, A is seen that 
aberrations are corrected satisfactorily. 
[Example 9] 

Figure 16 is an optical path view of Example 
9 of the present invention. The design base 
wavelength was 157 nm of F 2 excimer laser light, the 



-66- 



10 



NA was 0.6, and the projection magnification /a was 
1:5. The lens conjugate distance L was 1166 nun. The 
optical system had an exposure region (imaging region) 
upon an image plane, of an arcuate shape, at the image 
height from 7.7 mm to 14.0 mm. The optical system was 
provided by a small number of optical elements, i.e., 
two mirrors and twelve lenses. 

In this example, denoted at rl - rl4 are 
components of a first imaging system Grl, and it 
comprises a positive lens (group Gl ) at rl and r2 , and 
positive lenses LP1 at r3 and r4; rlO and rll; and rl3 
and rl4 of the same type which constitute a second 
mirror group GM2 in combination with a second mirror 
M2. Also, it comprises negative lenses LN1 at r5 and 
r6; and r8 and r9 of the same type, for constituting a 
first mirror group GM1 in combination with a first 
mi rror Ml . 

Denoted at rl5 - r22 are components of a 
field optical system Grf, and it comprises three 
positive lenses, including a positive lens FL1 
disposed at the image side of the first mirror Ml, and 
one negative lens. Denoted at r23 - r33 are 
components of a second imaging system Gr2 , and it 
comprises a stop r27, four positive lenses and one 
2 5 negative lens . 

In this example, the position of the 
intermediate image formed by the first imaging system 
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Grl is substantially coincident with the position of 
the first mirror Ml, and the intermediate image is 
formed outside the first mirror group GM1 . Therefore, 
undesirable interference between the light and the 
first mirror group GM1 can be avoided easily. 
Further, the structure is efficient since enlargement 
of the diameter of the field optical system can be 
suppressed. The second mirror group GM2 is provided 
by the positive lens LP1 and the second mirror M2, to 
thereby control the Petzval sum. On the other hand, 
since the imaging state of the intermediate image is 
moderate, a field stop may be provided at that 
position. 

Structural specifications of numerical 
examples are shown in TablW 9. In this example, an 
image side working distancl of 30.3 mm is assured, and 
the total glass material lehgth along the optical path 
is extraordinarily shortened to 400.5 mm. While the 
largest diameter of the optiial system as a whole is 
213 mm at the field optical sistem, the largest 
diameter of the second imaging\ system is small as 157 
mm, regardless of that the NA iV 0.6. Figure 33 shows 
aberrations, and from this, it ^te seen that 
aberrations are corrected satisf aV:torily . 
[Example 10] 

Figure 17 is an optical path view of Example 
10 of the present Invention. The design base 
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wavelength was 157 nm of F 2 excimer laser light, the 
NA was 0.6, and the projection magnification * was 
1:5. The lens conjugate distance L was 1160 nun. The 
optical system had an exposure region (imaging region) 
upon an image plane, of an arcuate shape, at the image 
height from 7.7 mm to 14.0 nun. The optical system was 
provided by a small number of optical elements, i.e., 
two mirrors and twelve lenses. 

In this example, denoted at rl - r!4 are 
components of a first imaging system Grl. and it 
comprises a positive lens (group Gl) at rl and r?. r and 
positive lenses LP1 at r 3 and r4; rlO and rll; and rl3 
and rl4 of the same type which constitute a second 
mirror group GM2 in combination with a second mirror 
15 M2. Also, it comprises negative lenses LN1 at r5 and 
r6; and r8 and r9 of the same type, for constituting a 
first mirror group GM1 in combination with a first 
mirror Ml . 

Denoted at rl5 - r22 are components of a 
field optical system Grf, and it comprises three 
positive lenses, including a positive lens FL1 
disposed at the image side of the first mirror Ml, and 
one negative lens. Denoted at r23 - r33 are 
components of a second imaging system Gr2 , and it 
comprises a stop r27. four positive lenses and one 
negative lens. 

In this example, particularly, the first 
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rairror group GM1 of the first imaging system Grl is 
provided by tiie negative lens LN1 and the first mirror 
Ml. and the power of each element is strengthened. By 
this, the effect of correcting chromatic aberration 
with respect to the whole optical system is enhanced. 
Further, the second mirror group GM2 is provided by 
the positive lens LP1 and the second mirror M2, to 
thereby control the Petzval sum. 

Structural spec! fk cat ions of numerical 
examples are shown in Tabll 10. In this example, an 
image side working distance^ of 30.0 mm is assured, and 
the total glass material lefcgth along the optical path 
is extraordinarily shortened to 375.9 mm. While the 
largest diameter of the optical system as a whole is 
2 66 mm at the field optical lystem, the largest 
diameter of the second imagirig system is small as 105 
nun, regardless of that the Na\ 1s 0.6. Figure 34 shows 
aberrations with respect to thk base wavelength 157 nm 
and a wavelength range of 2 pm.\ From the drawing, it 
is seen that aberrations are corrected, satisfactorily 
[Example 11] 

Figure 18 is an optical path view of Example 
11 of the present invention. The design base 
wavelength was 157 run of F 2 excimer laser light, the 
NA was 0.6, and the projection magnification # was 
1:4. The lens conjugate distance L was 1430 mm. Tne 
optical system had an exposure region (imaging region) 
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upon an image plane, of an arcuate shape, at the image 
height from 8.19 mm to 13.65 mm. The optical system 
was provided by a small number of optical elements, 
i.e., two mirrors and twelve lenses. 

In this example, denoted at rl - rl2 are 
components of a first imaging system Grl , and it 
comprises a positive lens (group Gl) at rl and r2, and 
negative lenses LN1 at r3 and r4; and r6 and r7 of the 
same type which constitute a first mirror group GM1 in 
combination with a first mirror Ml. Also, it 
comprises positive lenses LPl at r8 and r9; and rll 
and rl2 of the same type, for constituting a second 
mirror group GM2 in combination with a second mirror 



M2. 



Denoted at rl3 - r20 are components of a 
field optical system Grf, and it comprises three 
positive lenses, including a positive lens FL1 
disposed at the image side of the first mirror Ml, and 
one negative lens. Denoted at r21 - r31 are 
components of a second imaging system G*2, and it 
comprises a stop r25, four positive lenses and one 
negat i ve 1 ens . 

In this example, like Example 10, due to the 
structure of the first mirror group GM1 as described, 
the effect of correcting chromatic aberration is 
enhanced. Further, the second mirror group GM2 is 
provided by the positive lens LP1 and the second 
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mirror M2 , to thereby control the Petzval sum. 

Structural spetifi cat ions of numerical 
examples are shown in l4>le 11. m this example, an 
image side working distance of 30.0 mm is assured, and 
the total glass material length along the optical path 
is extraordinarily shortened to 371.9 mm. While the 
largest diameter of the optkcal system as a whole is 
328 mm at the field opt ical\ system, the largest 
diameter of the second imaging system is small as 141 
nun, regardless of that the nA is 0.6. Figure 35 shows 
aberrations with respect to tie base wavelength 157 nm 
and a wavelength range of 2 pm\ From the drawing, it 
is seen that aberrations are corrected satisfactorily. 
[Example 12] 

Figure 19 is an optical path view of Example 
12 of the present invention. The design base 
wavelength was 157 nm of F 2 excimer laser light, the 
NA was 0.6, and the projection magnification # was 
1:4. The lens conjugate distance L was 1430 mm. The 
optical system had an exposure region (imaging region) 
upon an image plane, of an arcuate shape, at the image 
height from 8.19 mm to 13.65 nun. The optical system 
was provided by a small number of optical elements, 
i.e., two mirrors and twelve lenses, like Example 11. 

In this example, denoted at rl - rl2 are 
components of a first imaging system Grl , and it 
comprises a positive l ens (group Gl ) at rl and r2 , and 
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negative lenses LN1 at r3 and r4; and r6 and r7 of the 
same type which constitute a first mirror group GM1 m 
combination with a first mirror Ml. Also, it 
comprises positive lenses LP1 at r8 and r9 ; and rll 
and rl2 of the same type, for constituting a second 
mirror group GM2 in combination with a second mirror 
M2. In Figure 20, the positive lens group Gl as well 
as the positive lens LP1 are of half disk-like shape. 

Denoted at rl3 -\r20 are components of a 
field optical system Grf , Ld it comprises three 
positive lenses, includingla positive lens FL1 of 
doughnut shape, having a hi low at its center, and 
being disposed outside the krst mirror Ml, and one 
negative lens. Denoted at Xl - r 31 are components of 
a second imaging system Gr2, Una it. comprises a stop 
r25, four positive lenses and\one negative lens. 

In this example, lince the pupil conjugate 
Point of the first imaging Ustem Grl is placed closer 
to the object side, a valuelclose to the lower limit 
of condition (4) i S taken. Wurther, like Example 10, 
due to the structure of the lirst mirror group GM1 as 
described, the effect of correcting chromatic 
aberration is enhanced. Also,\ the positive lens FL1 
of the field optical system Grf is made into a 
doughnut shape, and the first Irror group GM1 of the 
first imaging system Grl i s disposed at the central 
portion of the doughnut shape. With this structure. 
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the light rays can be Refracted at a position closer 
to the object side andA therefore, the powers of the 
field optical system Grf\ and the second imaging system 
Gr2 can be made smaller. \ This Is very advantageous in 
respect to the aberration \cor recti on. Further, the 
second mirror group GM2 is\provided by the positive 
lens LP1 and the second mirror M2, to thereby control 
the Petzvai sum. 

Structural specifications of numerical 
examples are shown in Table 12. In this example, an 
image side working distancfe of 30.0 mm is assured, and 
the total glass material length along the optical path 
g[ly is extraordinarily shortened to 377.0 mm. While the 
largest diameter of the optical system as a whole is 
328 mm at the field optical Wstem, the largest 
diameter of the second imagiig system is small as 144 
nun, regardless of that the J is 0.6. Figure 36 shows 
aberrations with respect to tL base wavelength 157 nm 
and a wavelength range of 2 pm\ from the drawing, it 
is seen that aberrations are corrected satisfactorily. 
[Example 13 J 

Figure 20 is an optical path view of Example 
13 of the present invention. The design base 
wavelength was 157 nm of F 2 excimer laser light, the 
NA was 0.6. and the projection magnification was 
1:5. The lens conjugate distance L was 11O0 mm. The 
optical system had an exposure region (imaging region) 
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upon an image plane, of an arcuate shape, at the image 
height from 10.24 mm to 13.65 mm. The optical system 
was provide a y an extraordinarily simple structure, 
i.e.. with four mirrors and five lenses. 

In this example, denoted at rl - r2 are 
components of a first imaging system Grl, and it 
comprises a first mirror Ml (concave surface) and a 
second mirror M2 (concave surface), only. Denoted at 
r3 - r4 are components of a field optical system Grf , 
and it comprises a first field mirror FM1 (concave 
surface) and a second field mirror FM2 (convex 
surface), only. Denoted at r5 - rl5 are components of 
a second imaging system Gr2 , and it comprises a stop 
r5, four positive lenses and one negative lens. 

In this example, the first mirror Ml is 
positioned relatively at the object side, with respect 
to the conjugate distance of the whole optical system, 
and therefore a value close to the lower limit of 
condition (12) is taken. 

Structural specifications of numerical 
examples are shown in Table L. i n this example, an 
image side working distance ol 30.0 mm is assured, and 
the total gl ass material lmi X along the optical patn 
is extraordinary shortened ti 192.2 mm. While the 
largest diameter of the optical! system as a whole i, 
388 mm at the field optical syslem. the largest 
diameter of the second imaging sister* is small as 167 
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regardless of that \t he NA is 0.6. Figure 37 shows 
aberrations. From the drawing, it is seen that 
aberrations are corrected satisfactorily. 
[Example 14J 

Figure 21 is an optical path view of Example 
14 of the present invention. The design base 
wavelength was 157 nm of F 2 excimer laser light, the 
NA was 0.6, and the projection magnification £ was 
1:5. The lens conjugate distance L was 1100 nun. The 
optical system had an exposure region (imaging region) 
upon an image plane, of an arcuate shape, at the image 
height from 10.24 mm to 13.65 mm. The optical system 
was provided by a simple structure, i.e., with four 
mirrors and six lenses (one lens added to Example 13). 

In this example, denoted at rl - r2 are 
components of a first imaging system Grl, and it 
comprises a first mirror Ml (concave surface) and a 
second mirror M2 (concave surface which is very close 
to a flat surface), only. Denoted at r3 - r8 are 
components of a field optical system Grf , and it 
comprises a first field mirror FM1 (concave surface), 
a second field mirror FM2 (convex surface), and 
negative lenses LF at r4 and r 5 ; and r7 and r8 of the 
same type. Denoted at r9 - rl 9 are components of a 
second imaging system Gr2 , and it comprises a stop r9. 
four positive lenses and one negative lens. 

In this example, with use of the second field 
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mirror group GFM2 which is provided by the second 
field mirror FM2 (concave) and the negative lens lf, 
the Petzval sum is also controlled. Further, the 
magnification of the second imaging system Gr2 is made 
small, such that a value close to the upper limit of 
condition (l) is taken. Since the first imaging 
system Grl does not include the positive lens group 
Gl, the second mirror M2 is positioned closer to the 
object side. Therefore, a value close to the upper 
limit of condition (6) is taken. 

Structural specifications of numerical 
examples are shown in TablL 14. In this example, an 
image side working distanck of 30 mm is assured, and 
the total glass material l«Wth along the optical path 
is extraordinarily shortened to 156.4 mm. While the 
largest diameter of the optical system as a whole is 
444 mm at the field optical Wstem, the largest 
diameter of the second imagiAg system i s small as 144 
mm, regardless of that the N A \ i S 0.6. Figure 38 shows 
aberrations. From the drawing, it i s see n that 
aberrations are corrected satisfactorily. 
[Example 15 J 

Figure 22 is an optical path view of Example 
15 of the present invention. \ The design base 
wavelength was 157 nm of F 2 eicimer laser light, the 
NA was 0.6, and the projection\ magnification fi was 
1:4. The lens conjugate distance l was 1190 mm. The 
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opti^^system had an exposure region (imaging region) 
upon an iro^e plane, of an arcuate shape, at the image 
height from 9.5fem to 13.65 mm. The optical system was 
provided by use of\^ur mirrors and eight lenses (two 
lens added to Example Js3 ) . 

In this example, denoted at rl - r8 are 
components of a first imaging system Grl, and it 
comprises a positive lens (Gl) at rl and r2 , negative 
lenses LN1 at r3 and r4; and r6 and r7 of the same 
type, a first mirror Ml (concave surface) and a second 
mirror M2 (convex surface). Denoted at r9 - r!4 are 
components of a field optical system Grf, and it 
comprises a first field mirror FM1 (concave surface), 
a second field mirror FM2 (convex surface), and 
positive lenses LF at rlO and rll; and rl3 and rl4 of 
the same type. Denoted at rl5 - r25 are components of 
a second imaging system Gr2 , and it comprises a stop 
rl5, four positive lenses and one negative lens. 

In this example, the convex lens group Gl is 
provided in the first imaging system Grl, hy which the 
optical system is made telecentric on the object side. 
Also, the first mirror group GM1 is provided toy the 
negative lens LN1 and the first mirror Ml, by which 
color correction is performed. Further, with use of 
25 the second field mirror group GFM2 which is provided 
by the second field mirror FM2 (convex) and the 
positive lens LF, the Petzval sum is also controlled. 
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Further, since the pubil conjugate point of the first 
imaging system Gri is fcloser to the object side, a 
value close to the loweY limit of condition (10) is 
taken. Also, since the tepacing between the second and 
first field mirrors FM2 Aid FM1 is relatively large, a 
value close to the upper Mmit of condition (14) is 
taken. \ 

Structural specifications of numerical 
examples are shown inVable 15. In this example, an 
image side working distance of 36 ram is assured, and 
the total glass material length along the optical path 
is extraordinarily shortened to 203.7 mm. While the 
largest diameter of the Optical system as a whole is 
512 mm at the field optical system, the largest 
diameter of the second imaVfing system is small as 146 
mm, regardless of that the W is 0.6. Figure 39 shows 
aberrations with respect to\the base wavelength 157 nm 
and a wavelength range of 4 fern. From the drawing, it 
is seen that aberrations are Corrected satisfactorily, 
[Example 16 ] 

Figure 23 is an optical path view of Example 
16 of the present invention. The design base 
wavelength was 157 nm of F 2 excimer laser light, the 
NA was 0.6, and the projection magnification yd was 
1:5. The lens conjugate distance L was 1190 mm. The 
optical system had an exposure region (imaging region) 
upon an image plane, of an arcuate shape, at the image 
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height from 9.56m to 13.65 mni. The optical system was 
provided by use of four mirrors and nine lenses (one 
lens added to Example 15). 

In this example, denoted at rl - r8 are 
components of a first imaging system Grl, and it 
comprises a positive lens (Gl) at rl and r2, negative 
lenses LN 1 at: r3 and r4; and r6 and r7 of the same 
type, a first mirror Ml (concave surface) and a second 
mirror M2 (convex surface). Denoted at r9 - rl6 are 
components of a field optical system Grf, and it 
comprises a positive lens FL1, a first field mirror 
FM1 (concave surface), a second field mirror FM2 
(convex surface), and negative lenses LF at r!2 and 
r!3; and rl5 and rl6 of the same type. Denoted at r!7 
- r27 are components of a second imaging system Gir2 , 
and it comprises a stop rl7, four positive lenses and 
one negative lens. 

In this example, the magnification of the 
first imaging system Grl is slightly enlarged to - 
3.838x and, in consideration of it, the positive lens 
FL1 included in the field optical system Grf is 
disposed at the hack, on the image side, of the first 
mirror Ml to thereby suppress the increase of 
diameter. Further, with use of the first mirror group 
GM1 including the negative lens LN1 and the first 
mirror Ml, as well as the second field mirror group 
GFM2 which is provided by the second field mirror FM2 
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( convex) and the negative lens LF, the Petzval sum is 
also controlled. 

Structural specifications of numerical 
examples are shown in Tab\e 16. In this example, an 
image side working distancle of 36 mm is assured, and 
the total glass material l<Lgth along the optical path 
is extraordinarily shortened to 292.8 mm. While the 
largest diameter of the optical system as a whole is 
294 mni at the field optical lystem, the largest 
diameter of the second imaginW system is small as 184 
nun, regardless of that the Na\i s 0.6. Figure 40 shows 
aberrations- From the drawing! it is seen that 
aberrations are corrected satisfactorily. 
[Example 17] 

Figure 24 is an cbtical path view of Example 
17 of the present invent ioi. The design base 
wavelength was 157 nm of F 2 \ excimer laser light, the 
na was 0.6, and the projection magnification ^ was 
1:4. The lens conjugate distance L was 1188 mm. The 
optical system had an exposurW region (imaging region) 
upon an image plane, of an arLate shape, at the image 
height from 9.56m to 13.65 mm.\ The optical system was 
provided by use of four mirrors^ and nine lenses. 

In this example, denoted at rl - r8 are 
components of a first imaging system Grl. and it 
comprises a positive lens (Gl) at rl and r2, negative 
lenses LN1 at r3 and r4; and r6 and r? of the same 
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type, a first mirror Ml (concave surface) and a second 
mirror M2 (convex surface). Denoted at r9 - r!6 are 
components of a field optical system Grf, and it 
comprises a positive lens FL1, a first field mirror 
FM1 (concave surface), a second field mirror FM2 
(concave surface), and positive lenses LF at rl2 and 
rl3; and rl5 and rl6 of the same type. Denoted at rl7 
- r27 are components of a second imaging system Gr2, 
and it comprises a stop rl7, four positive lenses and 
one negative lens. 

In this example, the second field mirror FM2 
as well as the positive lens LF, at the back thereof, 
are provided in the field optical system Grf. With 
this structure, an intermediate image is formed also 
just after (image side) of the positive lens LF. 
Thus, in the whole optical system, the imaging is 
executed three times. Therefore, after the field 
optical system Grf, the positive power becomes larger 
and the space is made smaller. Thus, the position of 
the first mirror Ml is placed relatively at the image 
side, and a value close to the upper limit of 
condition (12) i s taken. Further, since the 
magnification at the first mirror Ml is made smaller, 
a value close to the lower limit of condition (13) is 
taken. As a result, the paraxial intermediate image 
at the first imaging system Grl is produced after the 
light which is reflected by the second mirror M2 and 
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at a position closer to the object side. Thus, a 
value close to the lower iin, lt of condition (11) ls 
taken. Additionally, with use of the first mirror 
group GM1 provided by the negative lens LN1 and the 
first mirror Ml, color correction is made. 

Structural specifications of numerical 
examples are shown in Tabll 17. m this example, an 
image side working distanci of 36 mm is assured, and 
the total glass material lekgth along the optical path 
is extraordinarily shortened to 303.3 mm. While the 
largest diameter of the optical system as a whole is 
323 mm at the field optical lystem, the largest 
diameter of the second imagilg system is small as 125 
mm, regardless of that the J is 0.6. Pi gure 41 shows 
aberrations, with respect to he base wavelength 157 
nm and a wavelength rang of 2 lpm. From the drawing, 
it is seen that aberrations corrected 
satisfactorily. 
[Example 18] 

Figure 25 is an optical path view of Example 
18 of the present invention. The design base 
wavelength was 157 nm of f 2 excimer laser light, the 
NA was 0.6, and the projection magnification £ was 
1:4. The lens conjugate distance L was 1190 mm. The 
optical system had an exposure region (imaging region) 
upon an image pi ane , of ^ arcuate gnape> ^ ^ 
height from 10.0 nun to 20.0 mm. The optical System 
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was provided by use of four mirrors and nine lenses, 
like Example 16. 

In this example, denoted at rl - r8 are 
components of a first imaging system Grl, and it 
comprises a positive lens (Gl) at rl and r2 . negative 
lenses LN1 at r3 and r4; and r6 and r7 of the same 
type, a first mirror Ml (concave surface) and a second 
mirror M2 (convex surface). Denoted at r9 - rl6 are 
components of a field optical system Grf, and it 
comprises a positive lens FL1, a first field mirror 
FM1 (concave surface), a second field mirror FM2 
(convex surface), and positive lenses LF at rl2 and 
rl3; and ri5 and rl6 of the same type. Denoted at rl/ 
- r2 7 are components of a second imaging system Gr2 , 
and it comprises a stop rl7, four positive lenses and 
one negative lens. 

In this example, with use of the first mirror 
group GM1 as provided by the negative lens LN1 and the 
first mirror Ml, color correction is accomplished. 
Further, with use of the second field mirror group 
GFM2 which is provided by the second field mirror FM2 
(convex) and the positive lens LF, the Petzval sum is 
also controlled. 

Structural specifications of numerical 
examples are shown in Table lb. in this example, an 
image side working distance oi 37 mm is assured, and 
the total glass material length along the optical path 
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is extraordinarily shortened to 286.8 mm. While the 
largest diameter of the\ optical system as a whole is 
442 mm at the field optAcal system, the largest 
diameter of the second imaging system is small as 165 
5 mm, regardless of that thU na is 0,6, Figure 42 shows 
aberrations, with respect Yto the base wavelength 157 
nra and a wavelength rang of 4 pm. From the drawing, 
it is seen that aberrations\are corrected 
satisfactorily. 
10 [Example 19] 

Figure 26 is an optical path view of Example 
18 of the present invention. The design base 
wavelength was 157 nm of F 2 excimer laser light, the 
NA was 0.6, and the projection magnification ft was 
1:5. The lens conjugate distance L was 934 mm. The 
optical system had an exposure region (imaging region) 
upon an image plane, of an arcuate shape, at the image 
height from 7.7 mm to 14.0 nun. The optical system was 
provided by use of four mirrors and ten lenses. 

In this example, denoted at rl - rlO are 
components of a first imaging system Grl, and it 
comprises positive lenses (Gl) at rl and r2 ; and r3 
and r4, negative lenses LN1 at r5 and r6; and r8 and 
r9 of the same type, a first mirror Ml (concave 
surface) and a second mirror M2 (concave surface). 
Denoted at rll - rl8 are components of a field optical 
system Grf, and it comprises a positive lens FL1, a 
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first field mirror FM1 (concave surface), a second 
field mirror FM2 (convex surface), and positive lenses 
LF at rl4 and rl5; and rl7 and rl8 of the same type. 
Denoted at rl9 - r29 are components of a second 
imaging system Gr2, and it comprises a stop rl9, four 
positive lenses and one negative lens. 

In this example, vfeth use of the first mirror 
group GM1 as provided by thdt negative lens LN1 and the 
first mirror Ml, color correction is accomplished. 
Further, with use of the secdtad field mirror group 
GFM2 which is provided by the! second field mirror FM2 
(convex) and the positive lend LF, the Pet aval sum is 
also controlled. Since the magnification of the first 
imaging system Grl is at the mdst reduction rate, a 
value close to the upper limit bf condition (9) is 
taken. Since the spacing between the second and first 
field mirrors FM2 and FM1 is relatively small, ^ a value 
close to the lower limit of condition (14) is taken. 

Structural specifications of numerical 
examples are shown in Table \19. In this example, an 
image side working distance fcf 33.7 mm is assured, and 
the total glass material lendtn along the optical path 
is extraordinarily shortened *o 264.4 mm. Further, 
the largest diameter of the whble optical system is 
very short as 293 mm, and also\the largest diameter of 
the second imaging system is smkll as 130 mm, 
regardless of that the NA is O.Q. Figure 43 shows 
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aberrations, with resiect to the base wavelength 157 
nm and a wavelength rafkg of 2 pm. From the drawing, 
it is seen that aberrations are corrected 
satisfactorily. \ 
[Example 20j 

Figure 27 is an optical path view of Example 
20 of the present invention. The design base 
wavelength was 157 nm of F 2 exciner laser light, the 
NA was 0.6, and the projection magnification £ was 
1:8. The lens conjugate distance L was 1190 mm. The 
optical system had an exposure region (imaging region) 
upon an image plane, of an arcuate shape, at the image 
height from 9.56 mm to 13.65 mm. The optical system 
was provided by use of four mirrors and nine lenses, 
15 like Example 16. 

In this example, denoted at rl - r8 are 
components of a first imaging system Grl . and it 
comprises a positive lens (Gl) at rl and r2, negative 
lenses LNl at r3 and r4; and r6 and r7 of the same 
type, a first mirror Ml (concave surface) and a second 
mirror M2 (convex surface). Denoted at r9 - rl6 are 
components of a field optical system Grf „ and it 
comprises a positive lens FL1, a first field mirror 
FMl (concave surface), a second field mirror FM2 
(convex surface), and negative lenses LF at rl2 and 
rl3; and rl5 and rl6 of the same type. Denoted at rl7 
- r27 are components of a second imaging system Gr2, 
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and it comprises a stop r!7, four positive lenses and 
one negative lens. 

in this example, Wnce the magnification of 
the first imaging system G ll is strongly enlarged, a 
value close to the lower likit of condition (9) is 
taken. This is because the Wagnif ication of the first 
mirror group GM1 is positive! and because a value 
close to the upper limit of Condition (13) is taken. 
As a result, a value close to\the upper limit of 
condition (11) is taken, and lie position of the 
intermediate image produced by\the first imaging 
system Grl is far remote from Awa first mirror Ml. 
Further, since the pupil conjugate point of the first 
imaging system Grl is at the im<Le plane side with 
respect to the first mirror Ml, I value close to the 
upper limit of condition (10) is Waken. Additionally, 
with use of the second field mirrir group GFM2 which 
is provided by the second field miWoir FM2 (convex) 
and the negative lens LF , the Petzvpl sum is also 
controlled. 

structural specifications of numerical 
examples are shown in Table 20. m trhis example, an 
image side working distance If 36 mm is assured, and 
the total glass material lenjth along the optical path 
is extraordinarily shortened L 315.5 mm. While the 
largest diameter of the opticll system as a whole is 
355 mm at the field optical syitem. the largest 
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diameter of the second imaging system is small as 177 
mm, regardless of that the NA is 0.6. Figure 44 shows 
aberrations. From the drawing, it is seen that 
aberrations are corrected \satisf actor ily . 
[Example 21] 

Figure 28 is an Optical path view of Example 
21 of the present inventiop. The design base 
wavelength was 157 nm of Ft excimer laser light, the 
NA was 0*6, and the projection magnification & was 
1:10. The lens conjugate distance L was 1190 nun, The 
optical system had an exposure region (imaging region) 
upon an image plane, of an arcuate shape , at the image 
height from 9.56 mm to 13.65 mm. The optical system 
was provided by use of four mirrors and nine lenses, 
like Example 16- 

In this example, denoted at rl - r8 are 
components of a first imaging system Grl , and it 
comprises a positive lens (Gl) at rl and r2 , negative 
lenses LNl at r3 and r4; and r6 and r7 of the same 
type, a first mirror Ml (concave surface) and a second 
mirror M2 (convex surface which is substantially 
fiat)- Denoted at r9 - rl6 are components of a field 
optical system Grf , and it comprises a positive lens 
FL1 , a first field mirror FM1 (concave surface), a 
second field mirror FM2 (convex surface), and negative 
lenses LF at r!2 and rl3; and rl5 and r 16 of the same 
type. Denoted at r!7 - r2 7 are components of a second 
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imaging system Gr2, and it comprises a stop r!7, four 
positive lenses and one negative lens. 

In this exampld, the magnification of the 
second imaging system GrE has a value close to the 
lower limit of condition . Also, the distance 

between the second and fiAst mirrors M2 and Ml is 
short, and a value close tto the lower limit of 
condition (6) is taken. Fufcther, with use of the 
first mirror group GM1 bein£ provided by the negative 
lens LN1 and the first mirrolr Ml as well as the second 
field mirror group GFM2 whicti is provided by the 
second field mirror FM2 (convex) and the negative lens 
LF, the Petzval sum is also controlled* 

Structural specifications of numerical 
examples are shown in Tablte 21. In this example, an 
image side working distance of 36 mm is assured, and 
the total glass material ldngth along the optical path 
is extraordinarily shortened to 301.7 mm. While the 
largest diameter of the optical system as a whole is 
310 mm at the field optical Wstern, the largest 
diameter of the second imagihg system is small as 180 
mm, regardless of that the NA is 0.6. Figure 45 shows 
aberrations. From the drawinW, it is seen that 
aberrations are corrected satisfactorily. 

In Examples 5 - El described above, 
aspherical surfaces are uied and, among the used 
aspherical surfaces, there\ are lens surfaces having a 
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conical constant k set to zero. However, design may 
be made while taking the conical constant k as a 
variable. Further, ill these examples, the wavelength 
of an F 2 excimer laser Was used as a design wavelength, 
and fluorite (n = 1.5600) was used as the 

glass material for it. taowever, any other glass material such 

as fluorine doped quartz! for example, may be used. 

Where a KrF or ArF light lource is used, fluorite and 

quartz may be used in combination. Alternatively, 

only one of them may be usfed and, in that occasion, 

since the dispersion of gldbs material is smaller, the 

correction of chromatic aberration becomes easier. 

A projection optical system according to 
theses examples may be usWd as a projection optical 
system in a scan type projection exposure apparatus 
for projecting a pattern (Wevice pattern such as a 
circuit pattern) of a retiile or a mask onto a 
substrate or a wafer in accordance with a step-anfl- 
scan procedure. A wafer is\exposed to a device 
pattern by use of such exposure apparatus, and then, 
the exposure wafer is developed. Through subsequent 
processes such as etching, devices (semiconductor 
chips) are produced. 

Structural specifications of numerical 
examples according to Examples 1-21 are shown in 
Tables 1-21 below. 

In the numerical examples, r ± denotes the 
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curvature radius at the i-th lens surface, in an order 
from the object side, & ± is the i-th lens thickness or 
air spacing in an order from the object side, and n ± 
is the refractive index of the i-th lens glass, in an 
order from the object side, with respect to the base 
wavelength = 157 run . 



wavelength + 2pm and -2pm with respect to the base 
wavelength, are 1.5599949 and 1.5600051, respectively. 

The shape of an aspherical surface can be 
given by the following equation: 



where X is the amount of displacement from the lens 
vertex along the optical axis direction, H is the 



radius, k is the conical constant, and A, B , ... and G 
are aspherical coefficients. 



Further, the refractive indices of the 




15 



distance from the optical axis, r 4 is the curvature 



25 
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TABLE 1 



EXAMPLE 1 



FIRST OBJECT TO FIRST SURFACE DISTANCE; 83.739 mm 



10 



E 
t 


r i 




989 392 


7 


-3S9& 508 


3 


235. 000 


4 


2462. 140 


5 


-114 548 


5 


-946. 909 


7 


-185. 804 


8 


-948. 909 


9 


-114. 548 


10 


142a. 922 


11 


38a 000 


iz 


-345, 892 


13 


102. 426 


14 


225. 926 


1$ 


CL O(stop) 


16 


2291. 779 


17 


-232_ 971 


id 


S8L 389 


19 


275. 504 


20 


139. 927 


21 


27& 224 


22 


-963. 793 


23 


-228. 789 


24 


105. 934 


25 


-742. 488 



di 
18. 000 
1. 697 
24. 359 
300. 51 1 
18. 000 
7. 879 
-7. 879 
-18. 000 
-286. 511 
324. 390 
48. 405 
434. 726 

18. 0DO 
41 944 

21. 343 
28. 288 

f. 000 

22. 403 

1. ooo 

19. Z97 
5.771 

27. 452 
1. 000 
18. 000 



1. 56000 
1. 56000 
1. 56000 

1. 56000 

1, 56000 
1. 56000 

1. 56000 
I. 56000 
K 56000 
1. 56000 
1. 56000 



M 1 
M2 



15 



20 



25 



aspherfcal surfaces 
I K 

2 a ooooooe+ooo 

4 a OOOOOOe+OOO 

5 0. OOOOOOe+OOO 
7 0. OOOOOOe+OOO 
9 a OOOOOOe+OOO 

12 a OOOOOOe+OOO 

13 0L OOOOOOe+OOO 
16 0. OOOOOOe+OOO 

19 -2. 755242e-001 

20 -X 452390e+000 
22 r a OOOOOOe+000 
24^5. 937521e-001 



X 268074e~008 
rS. 945159e-008 
-1. 045454e-008 
-1, 020658e-H»08 
-1. 045454C-008 
1. 276943e-008 
-1. 177260eH)07 
7-4l5847e-008 
-4. $48406e-009 
-1. 1574]le-0Q7 

1. 441342e-007 

2. 497358e-007 



1 £ 
2 Z 506755e-024 

4 -l. 827522e-024 

5 -1. 953400C-022 
7 -2. 877088c-023 
9 -1. 9634D0e~022 

12 -9. 175707e-027 

13 1. 160369c-OZ3 
16 -2. 557773e-0Z2 
18 X6Z3462e-022 
20 2. 639407C-022 
22 7. 408468eH)2l 
24 1. O61653e-020 



■9. 840963e-029 
7. 0l3708e-0Z9 
2* 718527e-02$ 

3. I4$892e-027 
2. 7IG627e-026 
1. $29370c-031 

-1. 219SSIe-027 
5. 424698e-426 
•I- 873066e-025 
-5. 908244e-0Z$ 

4, 850248e-025 
1. 104395e-O23 



B 

-6. 656739e-012 
9. 367805e~012 
9. 0940850-013 
Z. 127267C-013 
9. 0940fl5e-013 
-1 269379e-014 
-9. 73538Ze-012 
-1. 533594e-0t1 
8. O93119e-O12 
-3. I93404a-011 
1. 675541 e-011 
-8, 672718C-011 



a OOOOOOe+OOO 
a OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
ft OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 

a ooooooe+ooo 

a OOOOOOe+OOO 
a OOOOOOe+OOO 
0. OOOOOOe+OOO 
a OOOOOOe+OOO 



1. 084352e-016 
"3- 675872eH>16 

4. 644093e-*17 
-2. 9702636-017 

4. 644093e-OI7 
-1. 148753e-018 
~5-058594e-O16 

Z-908683e-015 
-I. 772233eH315 
-I. 695026e-O15 

6. 365199e-015 
-1. 1198S1c-014 



-t. 466501 e-020 
I- $78106e-020 
8. 20Z292e-019 
1. 066496 e-01 9 
1 202292e-019 
1. 871O30e-O2Z 
-7. 794080e-OZO 
-1. 3l2466e-019 
-2. 169524e-018 
3. 936837^018 
-6. 884476 e-01 8 
-1- 058646C-017 
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TABLE 2: EXAMPLE 2 

FIRST OBJECT TO FIRST SURFACE DISTANCE: 75.685 mm 



10 



i 


ri 


df 


nt 


1 


297. 627 


19. 775 


1. 56000 


2 


-1115. 696 


326. 484 




3 


-16a 548 


18. 000 


1. 56000 


4 


2147. 160 


22. 180 




5 


-203. 139 


-22. 180 




6 


2147. 150 


-18. 000 


1. 56000 


7 


-160. 548 


-313. 164 




8 


a ooo 


365. 344 




9 


104a 329 


38. 055 


1. 56000 


10 


-387. 846 


U 000 




11 


19a 260 


45. 524 


1. 56000 


12 


634. 071 


120. 149 




13 


249. 471 


18. 000 


1. 56000 


14 


127. 136 


325. 385 


15 


0. O(stop) 


1. 000 




16 


234. 780 


33. 014 


1. 56000 


17 


-336. 281 


1. 000 


18 


144. 606 


35. 000 


1. 56000 


19 


968. 534 


1 6. 804 


20 


-793. 316 


35. 000 


1. 56000 


21 


-100. 000 


1/000 


22 


88. 381 


25. 000 


1. 56000 


23 


a ooo 





M 1 
M 2 



15 



20 



aspherlcal surfaces 



1 0. 0000O0e+000 

3 a 000000e+000 

5 0. 000000e+000 

7 0. 0000006+000 

10 a OOOOOOeiOOO 

1 1 a 000000e+000 
14 a 0000O0e+000 
17 a 000000 e+000 
20 a O00000e+000 
22 0. 000000c* 000 

i E 
1 -I. 434764e-023 
3 -2. 0635906-023 
5 -8. 711867e-025 
7 -2. 063590&-023 

10 -2. 700833e-026 

11 i 873194c-028 
14 1. 130858e-023 
17 1. 188890e-022 
20 1. 402677e-023 
22 -2. 3091146-022 



1. 3729616-008 

2. 15t239e-008 

4. 532896e-009 

2. 1512396-008 

5. 0408146-010 
-5. 072499c-009 

3. 3101576-008 
1. 856529e-0O7 

-1. 667572e-007 
-4. 99381 9C-008 



1. 2065556-027 
4. 625958e-027 

2. 964757e-028 
4. 8259586-027 
4. 6506866-031 
-2. 799981c-031 
-1. 1074976-027 
-2. 5528016-026 
2_ 115981e-027 
-5. 30962Se-026 



& 

3. 4732526-013 
9. 541648e-012 

1. 8236066-012 
9. 5416486-012 

2. 6259736-013 

1. 3898666-013 

2. 186614e-012 
1. 966297e-011 

-3. 3799256-011 
7. 233187 e-012 



-4. 210407e-032 
-5. 593776e-031 
1. 525109e-033 
-5. 593776e-031 
-4. 2622186-036 

4. 4250786-037 

6. 4603326-032 

7. 612208e-030 
-8. 0279626-031 

5. 804270e-030 



-3. 195720e-016 
4.776084e-016 

1. 222571e-016 
4. 776084e-016 

-1. 9897146-017 
-1. 6471846-017 
3. 0874046-016 

2. 8285368-015 
7. 3745636-015 
-2. 0422036-015 



9.0942436-020 
7. 3808656-020 

1. 631434e-020 
7. 3808656-020 
9. 4226646-022 
3. 468047c-022 

-3. 918557e-020 

2. 2033696-019 
-5l 5032856-019 

3. 6534956-020 



25 
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TABLE 3: EXAMPLE 3 

FIRST OBJECT TO FIRST SURFACE DISTANCE: 72.674 



1 


x j 


di 


ni 


\ 


-593, 057 


25. 378 


1 56000 


2 


-320. 774 


1. 000 




3 


463* OB? 


27* 632 


1 5ROO0 

t. nJU \J\J W 


4 


-613. 991 


281* 867 




5 


-109* 249 


is! 000 


1 5KQO0 

I. JVUVU 


6 


-961 687 


9 159 




7 


-178! 361 


-9! 159 




8 


-961. 687 


-18. 000 


1. 56000 


9 


-109. 249 


-266. 071 




10 


1622. 171 


305. 230 




11 


-166a 654 


24. 024 


1. 56000 


12 


-365. 238 


1. 000 




13 


347. 1 1 1 


47. 000 


1. 56000 


14 


-1881. 176 


410. 002 




IS 


8178. 667 


26. 178 


1. 56000 


16 


-21 Z 848 


75. 049 




17 


a O(stop) 


15. 536 




18 


268.041 


33. 816 


1. 56000 


19 


-186, 462 


1. 000 




20 


87. 102 


2a 173 


1. 56000 


21 


350. 675 


1. 000 




22 


156.475 


21. 218 


1. 56000 


23 


8& 116 


6. 639 




24 


16a 945 


20. 602 


1. 56000 


25 


-165. 909 


1. 000 




26 


105. 283 


20. 915 


1. 56000 


27 


-743. 988 








15 



asphertcal surfaces 



20 



2 -7. 
4 a 



10 a 
12 a 



13 
15 
18 
20 



22 -1. 
24 a 
26 6. 



2S239Oe+0OO 
OOOOOOe+000 
OOOOOOe+000 
OOOOOOe+000 
000000e+000 
0000000+000 
OOOOOOe+000 
OOOOOOe+000 
0000000+000 
660213e+OOO 
4634526-001 
40!348e+000 
OOOOOOe+000 
64827Se-001 



-4. 701121e-009 
-4. 766887S-008 
2. 1 168O8e-0O9 
-6. 712584e-009 
2. U6608e-009 
7. 054971e-010 
4. 70781 9e-009 
6. 0929286-010 
-1. 344505e-007 

2. 8053196-008 
-1. 335770C-0O7 
-4. 8999666-008 

3. 153044e-0O7 
-1. 189888C-O07 



B 

-6. 090134e-013 
2. 462294e-012 
-1. 611319e-013 
8. O93063e-O13 
•1. 6113l9e-013 
2. 418241e-014 
-2. 189427e-014 
-6. 294695e-014 

1. 8536326-012 
-5. 9633596-011 
-8. 743479e-013 

2. 339115e-0U 
-8. 376396e-012 

6. 781855e~012 



-1. 267O89e-017 
-9. 893034e-017 

1. 025091 e-0 15 

2. 887562e-017 
1. 02S0916-015 
1. 839107e-O18 
1. 9736426-018 
1. 4644816-018 
1. 650439e-016 
5. 8370596-017 
4. 618362e-01S 

-1. 42981Be-014 
1. 928547e-014 
-1. 4302356-014 



8. 029170e-022 
6. 719603e-021 
5. 0911506-019 

9. 8701246-020 
5.0911506-019 

-7. 9630296-023 
-1. 0683436-023 

1. 870403 e-02 3 
-1. 0568716-020 

8. 4834806-019 

2. 5692Z2e-020 
-1. 6779570-018 
-5. 7059326-018 

3. 8800286-018 



25 



i E 
2 -4. 0854866-025 

4 -2. 271393e-025 

5 -1. 6575476-023 
7 -1. 0290266-023 
9 -1. 6575476-023 

10 4. 4338716-028 

12 -2. 06 574 56-027 

13 -3. 5131610-027 
15 -1. 4363546-025 
18 -2. 7585856-022 
20 -2. 7706246-022 
22 1. 9B3183e-021 
24 -4. 3908990-023 
26 3.5738916-021 



1. 9247866-029 

1. 1772056-030 
6. 8476366-027 
8. 6547606-026 

6. 8476366-027 

2. 2013126-032 
5. 1187206-032 

7. 6760716-032 
-9. 3515776-030 

2. 0061966-026 
-8. 0357166-026 
-1. 380364e-025 
5. 2870866-026 
2. 1516590-025 



a OOOOOOe+000 
a 000000 e+ 000 
a OOOOOOe+000 

a 0000006+000 
a ooooooe+ooo 
a ooooooe+000 

a OOOOOOe+000 

a ooooooe+000 
a ooooooe+ooo 

a 0000006+000 
a OOOOOOe+OOO 

a ooooooe+000 

0. 0000006+000 
0. 0000006+000 
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TABLE 4: EXAMPLE 4 

FIRST OBJECT TO FIRST SURFACE DISTANCE : 81.211 



10 



i 


r i 


di 


ni 


1 


2240. 555 


47. 000 


1. 56000 


2 


-312. 927 


1. 000 


3 


209. 677 


34. 603 


1. 56000 


4 


-314. 137 


150. 769 


5 


-819, 717 


-14a 769 




6 


277. 686 


889. 917 




7 


1806. 318 


19. 445 


1. 56000 


8 


-583. 025 


1. 000 


9 


0. 0(stop) 


73. 850 




10 


197. 078 


35. 504 


1. 56000 


11 


879. 977 


1. 000 


12 


126. 409 


28. 494 


K 56000 


13 


168. 675 


98. 900 


14 


121. 885 


21. 036 


1. 56000 


15 


905. 776 





M 1 
M 2 



asphericat surfaces 

i K 

2 a 0000006+000 

4 0. 000000e+000 

15 5 0. 000000e+000 

6 0. 000000e+000 

7 0. OOOOQOe+000 
10 0. 000000e+000 
12 0. 0000006+000 
14 0. 000000e+000 

' E 
Z 7. 818988e-025 

4 -3. 124244e-024 

5 -1. 0547136-020 

6 -I. 813806e-028 
20 7 -4. 3167816-027 

10 2. 3117726-026 
12 1. 623655e-026 
14 -2. 5667566-024 



3. 7067946-008 
3. 8789036-009 
8. 4451746-009 
-2. 863861e-009 
-3. 549063e-O09 
-5. 8415396-009 
-5. 913583e-009 
-8. 534527e-008 



!. 0998036-029 

7. 960469e-029 

2. 3009976-024 
5. 037276e-032 

8. 8773316-032 
-5. 842989e-031 

3. 143454e-030 
•3. 8316086-028 



B 

-5. 144019e-OI2 
7. 795334e~012 
3. 143938e-011 
-Si 305438e-015 
-1. 4082646-013 
-2. 4050966-013 
-4. 3401656-014 
-8. 202426e-012 



0. 000000e+000 
0. 0000006+000 
0. 0000006+000 
a 0000006+000 

a 0000006+000 

0. 000000e+000 
a 000000 e+000 
0. 0000006+000 



6. 973326e-017 
-6. 7817546-016 
-2. 61401 1e-0l4 
I. 7171306-018 
1. 931760e-019 
4. 288890e-0l8 
-1. 65t705e-017 
-7. 411706e-Ol6 



-7. 330968e-0Zi 
5. 2651686-020 
2. 098089 e-0 17 
-3. 511472e-023 
5. 0915736-023 
-7. 434790e-O22 
-1. 2942956-022 
-K 255475e-020 
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TABLE 5 : 



EXAMPLE 5 



10 



i 


ri 


dl 


ni 


i 


-276. SI 7 


-185. 013 


- 1.0 


2 


698. 217 


199. 972 




3 


507. 773 


48. 488 


1. 56000 


4 


-238, 848 


9. 987 


5 


253. 725 


25. 649 


t. 56000 


6 


$44. 261 


258. 577 


7 


-IDOL 183 


10. 000 


1. 56000 


8 


-348L 125 


10& 113 


9 


-20S. 877 


10. 000 


1. 56000 


10 


-302. 653 


9. 696 


11 


0. 0(stop) 


1 1. 356 




12 


38a 065 


23. 350 


1. 56OO0 


13 


-153. 114 


45L 670 


14 


227- 862 


4a 204 


1. 56000 


IS 


-163. 407 


1. 004 


16 


82. 650 


12. 336 


1. 56000 


17 


8a 232 


7. 123 


18 


118c 960 


ia 000 


1. 56000 


19 


54 261 


1. 597 


20 


58. 346 


44. 698 


1. 56000 


21 


-655. 354 





Ml 
M2 
FL1 



ObJ-dl stince= 281. 857 



3= 1/6 

L = 1005mm 

NA = 0.6 



15 



20 



espherical xurfaces 

i K 

f 1. 497949e+000 

2 3. 802520e+0O0 

3 0. OOOOOOe+OOO 
6 a OOOOOOe+OOO 
8 a OOOOOOe+OOO 

10 a OOOOOOe+OOO 
13 a OOOOOOe+OOO 

u aooooooe+ooo 

16 a OOOOOOe+OOO 

19 0. OOOOOOe+000 

20 0. OOOOOOe+OOO 

f E 

1 4. 455246e-02Z 

2 -3. 311509e-O24 

3 -1. 264l70e-Q2B 
6 2. 676252e-Oi7 
8 1. 2660S5e-023 

10 6. 808416e-024 

13 -1. 242980e-023 

14 -4. 999088e-023 
16 -4. 36IB16e-022 

19 -7. 292427 e-O20 

20 -6. 999891 e-020 



5. S04355e-008 
-2. 958077e-008 

1. 396795e-008 
-5. 2312136-009 

2. S486406-008 
1. 391954e-O07 
9. 988863e-008 
-I. 6S4359e-009 

1. 178575e-O07 

1. 39O299e-O08 

2. O898336-O07 



-a 166535e-026 
2. 7093886-028 

1. 297626e-03l 
-1. 44161 1e-031 
■2. 85933Oe-027 

2. 16O253e-027 
4. 02001 3e-026 
2. 234236C-027 
6. 665268e-026 
1. 490664e-O23 
1. 483259e-023 



4. 6042146-012 
-4. 3318056-013 
-2.0112946-013 
-1 2004086-013 
-6. 137758e-012 
-1. 4817456-011 

1. 876874t-011 
-1. 0273416-011 

4. 1292936-012 
-3. 2499276-010 
-3. 1691106-010 



-6. 8405916-016 
-3. 9560556-017 

9. 452577e-019 
-7. 76834U-0I8 
-S. 8286016-016 
-9. 6S6666e-016 
-3. 5174236-016 
8078706-016 

4. 790552 e-0 15 
-4. 3935436-014 
-5. 080159e-O14 



a ooooooe+ooo 

0. OOOOOOe+OOO 
a OOOOOOe+OOO 
0. 0000006+000 
0. 00000064000 
0. OOOOOOe+OOO 

a 0000006+000 

0. OOOOOOefOOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 

a ooooooe+ooo 



-4. 6054106-019 

1. 3516626-020 

3. 436796e-022 
1 291916e-022 
-1. 2990536-019 

2. 4646436-020 
1. 8761256-019 

4. 062904e-01 9 
a 6973926-019 
1. 2527556-016 
1. 188278e-016 



25 
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TABLE6 : 



EXAMPLE 6 



10 



I 

2 
3 
4 
5 
6 
7 
ft 
9 
f0 
I! 
12 
13 
14 
15 
16 
17 
IB 
t9 
20 
21 
22 
23 



ri 

182. 669 
-50 1 082 
-210L 424 

€51 854 

444. 311 
-261 965 

451 477 
-S0S57- 268 
40075. 824 

131 483 
-315. 120 
-568. 730 
a0(slap> 

534. 545 
-131 4S6 

237. 603 
-ISO. 971 

86. 695 

114. 792 
161. 292 

41 459 

SI 928 
-7294. 344 



4i 
31 734 
207. 487 
-187. 803 
191 194 
31 819 
10. 000 
21 965 
242. 048 
ia 000 
101 449 
10. 000 
1 619 
12.608 
31. 653 
31 327 
34 661 

a too 

17.884 
1 157 
11 000 

Z. 549 
29. 428 



ni 

1. 56000 

- 1.0 

I. 56000 
I. 56000 
I. 56000 
I. 56000 

I. 56000 
1. 56000 
1. 56000 
1. 56000 
1. 56000 



Obj-dlstince» 51 000 

Ml 
M2 
FL1 



3= 1/5 
L = 956mm 
NA = 0.6 



15 



20 



aspherlc*! surfaces 

» K 

2 0. OOOQOOe+OQO 

3 & OOOOOO e+000 

4 -4 000000 rf 000 

5 1 GOOOOOe+OQO 
8 a OOOOOO e+000 

10 0. OOOOOOe+OOO 

12 0 OOOOOO e+000 

15 0 OOOOOOe+OOO 

16 a OOOOOOe+OOO 
18 0. OOOOOOe+OOO 

21 0. OOOOOOe+OOO 

22 0. OOOOOOe+OOO 

* E 
I -4 028724e-024 

3 2. !43537e-020 

4 -7. I15890e-025 

5 3. 9€5841e-0eC 
* l 346Z77e-026 

10 -7. !37854e-023 
12 -2. 470578e-022 
J5 3. 68942 le-023 
If -4L 768922e-023 
If -1 l94783e-022 

21 -1. O88463e-019 

22 -1 I70412&-020 



2. 099767e-008 
5. 5O1181e~O07 

-9. 108M0e-O09 
-2. 1 36611 e-OOl 
-9. 037445eH)09 

1. 8l4298eH>07 
9. 777784e-008 
1 427543e-011 

3. 081549e-003 

2. 081570e-007 

2. '662S51«-O07 

3. 826l98e-O07 



9. 763077 e-Dl 3 
1. 4713051-010 
-4. 2995108-013 
4 694331e-013 
1670Z81»-013 
-1 760639e-012 
-1. 873380e-012 
1. 174046«-011 
-I. 715163e-OI1 
-2. 247876 e-011 
-1 356811*-OI0 
-2. 597ICle-OI0 



-1. 844192e-0|6 
Z. 386973e-0t4 
-I. 602878e-OI7 

1. 022387e~OI7 

2. 497754e-0l7 
-4 421365e-015 
-2. 737!69e-015 

5. 1702728-016 
-1. 340386e-OI5 

7. 527512e-OI5 
-1 994494e-014 
-5 670062e-0l4 



3. 604034e-020 
-5 770432 e-01 7 
3. 30971 Oe-021 
-1. I6?939e-021 
-1. 835627e-021 
-1. 558851e-018 
1646417e-019 
-1 54449Ze-020 
4 76B60Ze-019 
2- 070479«-018 
9. 69S0436-OI7 
7. O56S564-017 



1613820e-O28 
-3. 24005Oe-O24 
4 509207e-029 
-5. 232492e-«31 
-2- 137993e-4>30 
-1. 9117886-021 
3. 0569528-^26 
-4 096568e-027 
1. 9J41458-027 

1. 2t7812e-02S 
3. 144061e-023 

2. S92l77e-023 



0. OOOOOOe+OOO 
0. OOOOOOe+OOO 

o. ooooooe+ooo 

1 OOOOOOe+OOO 
1 OOOOOOe+OOO 

i ooooooe+ooo 

0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
1 OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 



25 
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TABLE 7 : 



EXAMPLE 7 



10 



10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 



586. 085 
-710. 026 
-293. 735 
634. 175 
692. 102 
-893. 603 
223. 331 
726. 029 
244. 650 
754. 199 
213. 429 
104. 913 
a 0(stop) 
712. 703 
-27* 062 
182. 736 
-564. 680 
1 57. 087 
1255. 657 
87. 955 
123. 472 



tfi 
16. 642 
244. 154 
-213. 130 
224. 502 
18. 310 

a ioa 

68. 784 
73. 396 
29. 831 
319.081 
IS. 000 
106. 241 
2a O00 
86. 305 

1 439 
24 810 

a 782 
21 136 

I. 227 
50. 999 



ni 

K 56000 

- 1.0 

1. 56000 
1. 56000 
1. 56000 
1. 56000 

1. 56000 
1. 56000 
1. 56000 
! 56000 



ObJ -dlst«nce= 50. 000 



Ml 

M2 
FL1 



3 = 1/5 
L = 1 1 99mm 

NA = 0.6 



15 



20 



asphericil surfaces 

1 K 

2 a OOOOOOe+OOO 
3-1. 672235e+000 
4 -I. 049283e+000 
6 0. OOOOOOe+OOO 
9 0. OOOOOOe+000 
12 0. OOOOOOe+OOO 

15 a OOOOOOe+000 

16 a OOOOOOe+000 
18 a OOOOOOe+000 
21 0. OOOOOOe+000 

2 -I. Q71073e-O23 

3 1. 492277e-025 

4 9. 4I9452e-023 
6 4. 4790SU-026 
9 4.453l12e-026 

12 2. 3€5835e-023 

15 2. 959532e-024 

16 3. 674846e-026 
18 -6. 49381 7e-024 
21 3. 786297e-022 



3. 2O16l3e-O08 
2. 2802O2e-O08 

1. 235683e-O08 

2. 918276e-«08 
1. 32O7O9C-O08 

1. 980383e-O07 
-1. 871714e-008 
■3. 265199e-O08 
■Z 3529O2e-O08 

2. 5634O3e-O08 



5. 207120e-028 
-2. 707991e-030 
-9. 922151 e-027 
-7. 629337e~031 
-I. 452102bH>30 
1. 782l22e-026 
-6. 298400e-029 
f. 15S101e-026 
-4. 44O784e-028 
-7. S89609e-025 



B 

3. 554666e-013 
-7. 033732e-0l3 
-1- 49O5O7e-012 

4. 292516e-01S 
-8. 609941 e-01 3 

Z 532422e-01t 
-6. 6395S8e-0l2 
-6. 424945e-012 
-2. 527l46e-012 
-flL 361l81e~011 



a OOOOOOe+000 
a OOOOOOe+000 
a OOOOOOe+000 
a OOOOOOe+OOO 

a ooooooft+ooo 
a ooooooe+ooo 

a OOOOOOe+000 
0. OOOOOOe+OOO 
a OOOOOOe+OOO 

a ooooooe+ooo 



-3. 442541e-016 
3. 718998e-017 
7. 744144e-OI6 
6. 2723S5e-018 
1- 501924e-017 
3. 138382e-015 
2. 887450»-016 
9. 334562e-016 
1. 6563606-015 
1. 3367166-015 



6. 565884e-020 
-Z 862300e-02l 
-3. 612880e-0I9 
-7. 663849e-022 
-1. 136497e-021 

4L 147S37e-019 
-Z 996064e-020 
S. 226456e-020 
Z 693269e-020 

7. 8032O2e-016 



25 
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TABLE 8: EXAMPLE 8 



10 



i 


rl 


df 


ni 






281 S41 


20. 452 


1. 56000 




2 


-1051 836 


121. 738 






J 


387. 920 


5. 000 


1. 56000 




4 


221 873 


124. 483 






S 


-291. 999 


-124. 483 


-1.0 


Ml 


6 


221 873 


-5. 000 


-1. 55 




7 


387. 920 


-91 603 


-1. 0 




8 


881. 192 


91. 603 




M2 


9 


387. 920 


5. 000 


1. 56000 




10 


229. 873 


134. 534 




FL1 


11 


1316. 372 


24. 857 


1. 56000 


12 


-641 793 


a ioo 




n 


2Sa 338 


45. 391 


1. 56000 




14 


-3338. 651 


27. 518 




is 


261 455 


38. 225 


1. 56000 




16 


708. 139 


372. 871 




17 


145. 801 


15. 000 


t. 56000 




16 


87. 306 


105. 457 






19 


0. 0(stop) 


20. 000 






20 


794. 943 


80. 807 


1. 56000 




21 


-245. 392 


1. 206 






22 


219. 487 


25. 203 


1. 56000 




23 


-440. 290 


a 297 




24 


156. 783 


20. 641 


1. 56000 




25 


3004. 077 


a 391 




26 


91. 029 


52. 047 


1. S6000 




27 


147. 896 







ObJ-dtit«nce= 50. 000 



P= 1/5 
L = 1 1 98mm 

NA = 0.6 



25 



20 



isphericil surfaces 

i K 

2 0. OOOOOOe+OOO 

4 a OOOOOOe+OOO 

5 -1. 6128908+000 

s a ooooooe+ooo 

8 2. 782076 e4000 

io a oooooo«4oco 

i2 a oooooot+ooo 

15 0. OOOOOOe+OOO 

18 G. OOOOOOe+OOO 

21 0. OOOOOOe+OOO 

22 a OOOOOOe+OOO 
24 a OOOOOOe+OOO 
27 0. OOOOOOe+OOO 



1. 670163e-0O8 
-2. 210204e-OO6 

2. 100848e-008 
-2. 210204e-008 

1 1664108-008 
-1210204e-008 

4. 440282 e-009 
-1. 135774C-O08 

1.483922eH>07 

1. 3544756-008 
-1. 099866e-O08 
-2. 7S4027e-O0« 
-2. 478578e-008 



B 

-7. 564650e-013 
3. 61S438e-012 

2. 046446e-Ol3 
1 615438e-012 
8. 5953S6e-013 

3. 6154386-412 
-3. 621140e-013 
-4. 2686988-013 

1. 741862e-011 
1 8282030-012 
-2. 1139148-012 
1 324771e~012 
1. H9494e-01l 



7. 6403106-017 
-2.715457e-016 
9. 687279e-0l7 
-2.7154578-016 
4. 263225e-0l7 
-Z.7154578-016 
2. 3609286-016 
6L421699e-OI8 
2, 796320e-O15 
-1. 671056e-016 
-4.9009798-016 
1.O73083e-O16 
4. 6747138-014 



-8. 895236e-02l 
1. 987€78e-020 
9. 14I985e-02f 
I. 9876788-020 

-8. 5024438-020 
I. 9876768-020 
9. 3056378-023 

-2. 2258588-022 
3. 4912808-019 
3. 5824278-020 
4 4808728-020 
5. 7603538-020 
1. 7551l3e-017 



25 



2 1.0901888-024 

4 -1. 0636768-024 

5 -5. 265028e-O25 

6 -1. 0636768-024 
8 2. 5741578-^023 

10 -1. 0636768-024 
12 -7. 574790e-027 

15 2.8521488-028 

16 8.6794358-024 

21 -2. 7l9953e-024 

22 2. 0243468-025 
24 -1. 0998408-023 
27 -5. 3701348-021 



-5. 939842e-029 
2. 6910888-030 

1. 3910058-029 

2. 6910888-030 
-2. 6571898-027 

2. 69I0866-O30 
1 4137328-031 

7. 3815698-032 
1 093S3S8-O26 

1. l3l354e-028 
-8. 8880508-029 

2. 6517588-028 

8. 559204e-025 



0. OOOOOOe+OOO 
a OOOOOOe+OOO 
0. 0000008+000 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
a OOOOOOe+OOO 
a OOOOOOe+OOO 

a 0000006+000 

0 OOOOOOe+OOO 
Q_ 0000006+000 

a ooooooe+ooo 
a 0000006+000 

0. OOOOOOe+OOO 
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TABLE 9: 



EXAMPLE 9 



10 



i 
1 
2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

u 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 



f I 

-1815 127 
-265. 701 
1292. 112 
-329. 343 
-126. S69 
1807. 475 
-187. 707 
1807. 475 
-126. 569 
-329. 343 
1292. 112 
-816. 892 
1292. 112 
-329 343 
2351. 512 
-927. 738 
304. 902 
1471 904 
218. 515 
527. 237 
278. 804 
96. 885 

-147. 170 

7898. 421 
411702 

-1B£Z40 
0. O(stop) 
19a 492 

-267. 624 
9S 129 
116. 210 
91. 034 

-411. 423 



22. 814 
21 300 
34. 549 

2391 736 
IS. 000 

23. 600 
-23. 600 
-15. 000 

-239L 736 
-34. 549 
-3. 300 
3. 300 
34. 549 
292. 223 
It 834 
0. 100 
27. 947 
10. 000 
27. 908 
169. 549 

la ooo 

178. 224 
1QL 000 
31. Oil 
30. 72S 
9. 109 
45. 578 
37. 309 
7. 977 
41. 064 
15. 986 
41 273 



ni 
1. 56000 

1. 56000 LP1 

f. S6000 LN1 



ObJ-dfstanc«= 51. 000 



-1.0 
-1. 56 
-1.0 
-1. 56 
-1. 0 



1. 56000 
1. 56000 
I. S6000 
1. 56000 
1. 56000 
1. 56000 

1. 56000 
1. 56000 
1. 56000 



LPl 
M2 

1. 56000 LPl 



FL1 



0 = 1/5 
L = 1 1 66mm 
NA = 0.6 



15 



20 



25 



aspherlcal surfaces 



2 0. 000000*4000 

4 0. OOOOOOetOOO 

5 0. OOOOOOetOOO 
7 9. 165216e-004 
9 a OOOOOOetOOO 

10 O OOOOOOetOOO 

12 5.000000«+000 

14 a OOOOOOetOOO 

16 a OOOOOOrfOOO 

H aooooooe+ooo 

22 a OOOOOOetOOO 

23 a OOOOOOetOOO 
26 a OOOOOOelOOO 
28 a OOOOOOetOOO 

31 a OOOOOOelOOO 

32 0. OOOOOOetOOO 

1 E 
2 6, 20O738e-025 

4 1. C39180e-O2S 

5 -2. 796760e-O22 
7 -4, 892624e-024 
9 -2. 796760e-022 

10 f. 6391B0a-025 
12 1. 259049e~025 
14 1. 639180e-02S 

16 4. 425044e-O2S 

17 5. 66l9l7e-025 
tt f. 96B981e-024 
H 6. 41592Je-023 
26 -3. 316785e-024 
28 -2. 320660»-O24 

31 -4. 331702e-O23 

32 2. 19?732e-022 



5. 53O494e-008 
-I. 892175e-O08 

1. 663615e-007 

2. 675984e-O08 
1. 6636156-007 

-K 892175e-008 
-9. 38911U-009 
-I. 8921756-008 
I. 255592e-008 
4. 718829e-O09 
-1. 9289991-007 
-3.035320t-D07 
t> 2236258-O08 
1. 714O79e-O08 
-1. 3725&6e-008 
-SL 5436496-007 



-2. 3OI378e-029 
-3. 981772e~030 
4. 33528fie-025 
1. 494940e-O27 
4. 3352866-026 
-3. 9617726-030 
-3. 39Z339v-430 
-3. 9617726-030 
-1. 0686976-029 
-1. 3566776-029 
-1. 633272e-027 
-3. 092374C-O28 
1. 932364«-028 
6. 4555266-029 
6. 8994880-027 
-3. 645738e-026 



8 

I- 163655e-OI2 
4. 266967e-0!3 
9. 89063Se-OI2 
I. 316128e-012 
9. 890B35e-012 
4.2669676-013 
1. 539504e-013 

4. 256967«-Ot3 
a 2386086-O13 
-fc 146063«-013 
•I. t$4247e-011 
-1. 9339336-011 

5. 9139866-012 
1. 8816076-012 
7. 6560696-011 
1. 4513196-011 

G 

0. 000000e4000 

a ooooooetooo 

0. OOOOOOetOOO 
0. OOOOOOetOOO 
0. OOOOOOetOOO 
0. OOOOOOetOOO 
0. OOOOOOetOOO 
0. OOOOOOetOOO 
0. OOOOOOetOOO 
O OOOOOOetOOO 
0. OOOOOOetOOO 
0. OOOOOOetOOO 

a ooooooe4ooo 

0. OOOOOOetOOO 
a OOOOOOetOOO 
a OOOOOOetOOO 



6. 2823936-017 

1. 1214366-017 
-1. 309392e-015 

2. 6945920-017 
-1. 309392C-015 

1. 1214360-017 
9. 7997220-018 
1- 1214360-017 
5,8181160^017 

7. 6576830-017 
4.7024l6e-017 

-2. 13899!e-015 
-1. 4877666-018 
-6. 7120430-0(6 
-5. 6281106-015 
-6. 4621966-016 



-2.6297516-021 
-3- 0300436-021 

6. 427099e-019 
-3. 387487e-020 

6. 427099e-019 
-I- 0 30O43e-021 
-2. 2478026-021 
-I 03O043e-O21 
-7. Q$4083e-O21 
-SL I69123e-021 
-S. I21045e-O20 
-4. 9OO5570-O19 

4. 859942e-O20 

5. 0054226-020 
1. 2739536-016 

-8. 4901196-019 



TABLE 10: EXAMPLB 10 



-101- 



10 



IG 
11 
1Z 
U 
14 
IS 
16 

ir 

18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 



rl 

146. 528 
279. 100 
-775. 358 
-29tt 509 
-127. 746 
901. 597 
-165. 915 
901. 597 
-127. 746 
-290. 509 
-775. 3SS 
-1091. 384 
-771 355 
-290. 509 
-729. 668 
-353. 516 
278. 912 
1301. 137 
23a 845 
8S8L 078 
-1 131 792 
2091 297 
141.077 
77. 386 
291. 199 
-210L 751 
a 0 (St op) 
204. 073 
-109. 375 
220. 520 
552. 592 
63. 753 
-13602. 898 



dl 

21. 763 
21 S21 
24. 514 
311 854 
15.000 
15l 068 
-IS. 066 
-15 000 
-319.054 
-24. 514 
-2. 093 
2. 093 
24. 514 
366. 602 
23. 976 
16.059 
35.728 
10. 000 
40. 039 
145. 157 
ia 000 
151 $35 
10. 000 
3a 123 
291071 
4.057 
21.331 
SI. 576 
a 559 
21 237 
4.737 
26. 644 



nl 

1. 56000 

1. 56000 

1. 56000 

-!. 0 
-1. 56 
-1. 0 
-1. 56 
-1. 0 

1. 56000 

1. 56000 

1. 56000 

1 56000 

1. 55000 

1. 56000 

1. 56000 

1. 56000 
1. 56000 
1. 56000 



ObJ-tJi$Unce= 50.835 



LP1 
LN1 

LP1 
M2 
LP1 

FLl 



3=1/5 
L » 1 1 60mm 
NA = 0.6 



15 



Jspherical surfaces 



20 



25 



2 0. OOOOOOe+OOO 

4 0. OOOOOOe+OOO 

5 0. OOOOOOe+OOO 
7 -1. 883904e-O01 
9 a 000000 e+OOO 

10 a 000000 v+COD 
12 -3. 6417IJe+000 

I; aoooooo«+ooo 
16 a oooqoo«+ooo 

19 a 000000*4000 

22 a OOOOOOe+000 

23 a OOOOOOe+000 
28 a 00000064000 

28 a oooooo«+ooq 

31 a OOOOOOe+OOO 

32 a OOOOOOe+000 

% Z 2. Z7464of-024 

4 -2. 059611i-025 

5 6.834I?9e-02| 
7 4. 8842936-024 
9 6. 6341796-023 

10 -2. 05961le-O25 
12 -1. B65907e-O25 
14 -2. D596llr-025 

6 -7. ZI8715e-026 
19 -9. 166937«H>26 

22 3. 47S7IOe-024 

23 I. 557766e-OZl 
26 1. 5581316-022 
28 9. 6444266-023 
31 -7. 985615e-022 
3Z -5. 4S4904.-02? 



8. 6S5896e-O08 
-1 1O7372t-O08 
1. 4839016-007 
3. 492I60e-006 
1. 4839O1e-O07 
-2. 1073726-008 
-1. 3378136-006 
-2. 1073726*006 
•I. 2713076-008 
-2. 542 101 «-008 
-I. l03975eHM>7 
-1 584060e-007 
-2- 1701896-007 
-I. 2742406-007 
6.8919766-008 
-I. 469212e-007 



-1. 2317636-012 
5. S99304e-013 

-9. 642930e-0?2 
2. 67454U-013 

-1 64293O«0 12 

5. 5993O4e-0l3 

6. 093453e-OI3 
5. 5993046-013 
1. 326186e-OI2 
t 5125608-012 
* 579457e-GI2 

-% 7315316-011 
-t 364167C-0I1 
-1 6071526-011 
1 3563666-012 
-7. 7040l2e-012 



I. S056716-016 
-1 4867756-017 
-1. 428407e-016 
-I. S21679e-017 
-1. 428407e-O16 
-1 4867759-017 
-2. 9322656-017 
-3. 4867756-017 
-6. 548673e-017 
-i. 198475e-017 
-1. 251416e-Ol6 
-4. 923089e-41S 
1.0184I96-OI4 
8.0501S5»-O15 
3. 7853136-016 
-1 6647056-015 



-1. 99486Ze-020 
4. 2659676-021 
-3. 22046Z6-O19 
-4. 1342506-020 
-1 2204626-019 
4. 2B5967e-02l 
1 05697Oe-O21 
4. 285967e-021 

2. 7629476-021 

3. 4166I5«~021 
-1. 1376456-020 
-I. 6769556*018 
-1. 1474596-018 
-1. 0327496*016 

3. OI5742e-018 
1 4442606-018 



-9. 987248e-029 
2. 6436476-031 
-3. 369361e-027 
-2. 9230016-028 
-3. 3693616-027 
2. 6435476-031 
2. 5168906-030 
2. 6435476-031 
8. 9260856-O31 
1. 136094e-O30 
-1- S72776e-028 
-4. 7657416-025 
9. 278466«-027 
-4. 73S347e-027 
1. 33Z$$fe-025 
•8. 938622*-02S 



a OOOOOOe+OOO 
a OOOOOOe+OOO 
a OOOOOOe+OOO 
0. ODOOOOe+000 
a OOOOOOe+OOO 
0. OOOOOOe+OOO 
a OOQOOOe+000 
a OOOOOOe+000 
0. OOOOOOe+000 
0. OOOOOOe+OOO 

a ooooooe+ooo 

0. OOOOOOe+OOO 

a ooooooe+ooo 

a OOOOOOe+000 
a OOOOOOe+OOO 
a OOOOOOe+OOO 
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TABLE 11: EXAMPLE 3 1 



10 



I 549. 485 

I -348. 356 

3 -117. 591 

4 -11246. 509 

5 -181. 192 

6 -11241509 
I -117.591 
? -2026. 523 
9 461.050 

10 -376. 405 

11 461.050 

12 -2026. 523 
\\ 1172.423 

4 -501. 353 

'5 315.855 

16 1252.990 

17 200.947 

18 24a 640 
H -192.453 
20 $02, 106 
H -186.356 

22 438. 685 

23 541.516 

24 -141805 
2f 0. 0(stop) 

26 171275 

27 -37a 567 
2* 94. 992 

29 8K799 

30 58. 314 

31 -681.697 



dl 
18. 225 
404. 177 
15.000 
21. 694 
-21. 694 
-15. 000 
-352. 697 
-18-862 
-4. 621 
4. 621 
18. 862 
398. 890 
42. 790 
0. 404 
47. 177 
3.907 
27. 200 
296. 917 

ia ooo 

179. 501 
10. 000 
32.245 
3a 056 
8. 704 
45. 181 
31660 
9.275 
43.811 
16L 120 
41. 095 



Obj-dl stance* 50.962 
1. 56000 LN1 



ni 
. 56000 



-1. 0 
-1. 56 
-1. 0 
-1. 56 
-1.0 

1. 56000 

1. 56000 

1. 56000 

1. 56000 

1. 56000 

1. 56O00 

1. 56000 

1. 56000 
I. 56000 
f. 56000 



Bit 

LP1 
FLl 



B = 1/4 
L = 1430mm 
NA = 0.6 



15 



20 



•spherical turfaces 

1 K 

1 a OOOOOOe+OOO 

3 a OOOOOOe+OOO 

5 8. 4IS167e-00l 

7 a OOOOOOe+OOO 

8 a OOOOOOe+OOO 
10 6L 5258QOe-001 
12 a0OOD0Oe+O00 

14 aoooooo«+ooo 

15 a OOOOOOe+OOO 

17 a aoooooe+ooo 

20 a OOOOOOe+OOO 

2 1 a OOOQOOe+OOO 

24 a oooaooe+ooo 

26 0. OOOOOOe+OOO 

29 0. OOOOOOe+OOO 

30 0. OOOOOOefOOO 

« E 
1 -I. 760415eH>23 
3 6. 179683e-025 
5 -5. 814168e-026 
7 6. 179663e-025 
* -1. 502713e-O24 
10 -1. 403417a-02S 
12 -I 50271 3e-024 
14 —I. 0Z7l!2e-026 
1$ 3. 066SSfie~028 
17 -8 993226e-027 

20 6 283744e-024 

21 5. 83E5S7e-024 
24 -3. 359OI0e-O24 
n -3. 45301 9e-024 

29 -4. O57529e-022 

30 -I. 43459Se-021 



4. 575350e-008 

1. 83267S«H>08 
K 155130c -003 

1- B32675e-008 
t 539857«-009 

-1 4S32S5e-O10 

2- 539857e-009 
-1 17800le-009 

4, 46348Oe-O09 
-I- 262492e-008 

2. 691714e-008 
-2. 046926e-O07 

1. 946135B-008 
2L 1414l3eH>09 

-2. 143697e-O08 
-2. 0200S2e-007 

F 

8. 640230eH>26 
8- 7699136-028 
4. 264447eH>29 

8. 7699Ue-028 

2. 47S219e-029 
-3. 422820e-029 

2. 475219.-029 
6VO427l6e-032 
0. OOOOOOe+OOO 
-1. 018363«~09l 
-5. 389611e-02< 
-1. 3864546-027 

9. SOI933e-029 
7. 07761 9e-029 
2- 496099»-026 

-8. 9414856-027 



8 

7.6l7822e-013 

-2. 154592c 013 
1- 1032S2e-013 

-Z- 1545B2«-013 
6. 897518e-OI3 
6L 892838e-013 
6. 8975f8e-01I 
4. I03517e-013 
3l I63776e-014 
3L 641379e-Ot3 
3. 794681e-012 
a 6887l7e-OlZ 
& 791056e-0l2 

-1 073433e-013 
X 327692 e-01 | 

-1 522637e-012 



-5.883907t-016 
-1. 52065H-O16 
-I.409211e-Oi7 
-I. 520651e-016 
-2- 7066706-016 
-1. 705759e-O16 
-f 706B70e-016 
-I- 6I780U-017 
7. 085Z03.-O19 
-t 566752e-017 
1. 766293e-t1G 
4. 7698640-016 
-3. 9l29$9e-*1C 
-6. S902O1e-616 
-5. 094587t-O15 
-7. 090867e-O15 



1. 371733e-019 
-8. 2165t1e-02I 
-I. 720226t-02l 
-8. 2185lfe-02l 

2. 97737Se-O20 

1. 444644«H>20 

2. 977375e-020 
i 71SB37e-022 

0. OOOOOOe+OOO 
6. 095086e-O22 

513136e-O20 
-8. 554669e-O20 
4 417233e-OZO 
6. 444734e~O20 

1. 7631726-018 
1. 840499e-O16 



a OOOOOOe+OOO 
a OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OQO 
a OOOOOOe+OOO 
a OOOOOOe+OOO 

a oooaooe+ooo 

a OOOOOOe+OOO 
a OOOOOOe+OOO 

a ooooooe+ooo 

a OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
a OOOOOOe+OOO 
0. OOOOOOe+OOO 



* 
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TABLE 12: 



EXAMPLE 12 



10 



i 


rl 


til 


ni 


1 


973. 794 


19. 006 


1. 5600O 


2 


-274. 730 


408. 564 


3 


-117. 937 


15. 000 


1. 56000 


4 


-21944. 448 


22. 129 


5 


-183. 531 


-22. 129 


-1.0 


6 


-21944. 448 


-15. 000 


-1. 56 


r 


-117. 937 


-391, 508 


-1.0 


a 


-2342. 325 


-16. 507 


-1. 56 


9 


447. 067 


-0. 506 


-1. 0 


ID 


-376. 377 


0.506 




it 


447. 067 


16. 507 


1. S6000 


12 


-2342. 325 


373.416 


13 


1097. 080 


47.121 


1. 56000 


14 


-515. 510 


27. 362 


15 


28a 430 


47. 913 


1. 56000 


16 


718. 618 


7. 108 


17 


198. 349 


27.611 


1. 56000 


18 


249. 428 


300. 922 


19 


-216.473 


10.000 


1. 56000 


20 


445. 322 


T61. 217 


21 


-171. 590 


10.000 


1. 56000 


22 


666. 307 


32. 257 


23 


625. 617 


30. 422 


1. 56000 


24 


-151. 533 


6. 609 


25 


a 0(stop) 


47. 280 




26 


16a 626 


36. 149 


1. 56000 


27 


-335. 594 


9. 318 


28 


10a oos 


44. 237 


1. 56000 


29 


88. 936 


17. 909 


30 


70. 805 


41. 541 


1. 56000 


31 


-1049. 267 





Obj-d($tance= 63. 346 



LN1 

W^ 

M2 
LP1 

FL1 



3 = 1/4 
L = 1 430mm 
NA = 0.6 



15 



asphericat surfaces 



20 



25 



1 

1 
3 
5 
7 
8 
10 



12 0. 
14 0. 



15 
17 
20 
21 
24 
26 



29 0. 

30 0. 



OOOOOOefOOO 
000000e+000 
55O872e-O01 
OOOOOOefOOO 
OOOOOOefOOO 
872928e-00l 
OOOOOOe+000 
OOOOOOefOOO 
0000 DO e4 000 
000000 efOOO 
OOOOOOefOOO 
OOOOOOe+000 
OOOOOOefOOO 
OOOOOOefOOO 
OOOOOOe+OOO 
OOOOOOefOOO 



4. 255133e-008 
1. 715982e-O08 
1. 081079e-O08 
1. 7159829-008 
3. 098551e-009 
1. 142429e-009 
3. 09865 le-009 

-8. 058628e-009 
8.819915e~O10 

-1. 6223658-006 
3. 055326e-008 

-1. 728562e-O07 
3. 819315e-O08 

5. 160883eH>09 
-8. 273895e-O09 
-I. 430127e-007 



B 

1. 395979e~013 
1. 867849e-013 
1. S5l602e-013 

1. 867849e-013 

2. 7878336-013 
4. 0392916-013 

2. 787833e-013 
5.4690686-013 
1. 397684e-013 

3. 4512736-013 
4.6737606-012 

1. 2354386-01 1 
6. 63SS48e-Q12 

-a 687870e-013 

2. 6047836-011 
-8. 553894e-012 



-I. 009633e-Ol6 
1.9185706-017 

7. 022939e-O18 

1. 91B570e-O17 
-1. 677261e-016 
-8L 905924e-O17 
-I. 67726U-016 
•1. 863316e-OI7 
•9. 400188e-019 
-2. 486759e-017 

2. 3839l6e-016 

8. 0065036-016 
2. 5441286-016 
5. 829555e-016 

-4. 590743 e-0 15 
-7. 23S7706-O15 



8 -7. 

10 2. 

12 -7. 

14 -6. 

15 1. 
17 -5. 

20 7. 

21 -4. 
24 -2. 
26 -3. 

29 -7. 

30 -2. 



9339086-024 
4400746-024 
929424e-02S 
4400746-024 
0866916-025 
776075e-025 
0866916-025 
7979046-027 
1761766-027 
16O404e-027 
977247e-024 
O04980e-O24 
4923066-024 
456190e-024 
369796e-022 
4632 1Z o-02 I 



-3. 5735546-028 
1. 9738496-028 
1. 43B3896-029 

1. 973849e-028 
6. 530829e-O30 

-3. 188!09e-029 
6. 5308296-030 
4. 4013256-032 
0. OOOOOOefOOO 
-1. 986704e-031 
-8. 3355996-026 
-5. 8949506-028 
4, 1507626-029 
9. 8353046-029 
6. 4777496-026 

2. 0532796-025 



0. OOOOOOefOOO 
0. 000000 e-f 000 
0. OOOOOOefOOO 
O OOOOOOefOOO 
0. OOOOOOefOOO 
a OOOOOOefOOO 
a ooooooefooo 

a OOOOOOefOOO 

a ooooooefooo 

a OOOOOOefOOO 
a OOOOOOefOOO 
0. OOOOOOefOOO 
a OOOOOOefOOO 

a ooooooefooo 

a OOOOOOefOOO 
a OOOOOOefOOO 



4. 472929e-021 
-5. 6267626-020 
-6. 096034e-02l 
-5. 826782e-020 
1. 6849016-020 
4. 7283266-021 

1. 684901 e-020 
4. 646973e-022 
a OOOOOOefOOO 

4. 4183736-022 
-6. 806035e-O2l 
-6. 090344e-O20 

3. 42539le-020 

5. 8071066-020 

2. 3751516-018 

4. 163768e-018 



TABLE 13: EXAMPLE 13 



* 
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10 



15 



20 



1 ri 

1 -459. 4S9 

2 3067. 293 

3 -739. 933 

4 -573. 829 

5 0.0 (stop) 

6 -130.197 

7 -119.178 
ft 117.405 
9 519.563 

10 7ft. 099 

11 1057.227 

12 1050. 175 

13 87. 469 

14 326. 920 

15 -1292068. 739 



asphcrical surfaces 

i K 

1 2. 151232e+O00 

2 1. 56 50 28 e+ 000 

3 -1. 5790O7e-001 

4 -1. S52277e+000 
7 a 000000e+000 
ft a OOOOOOe+OOO 

to a OOOOOOe+OOO 

13 0. OOOOOOe+000 

14 0. 000000e4000 

■ E 

1 3. 3115l5e-024 

2 5. 1618736-025 

3 -1. 127394e-030 

4 -3. 4121036-025 
7 -4. 171136e-024 
ft 4. 264568e-024 

10 -4. 525225e-023 

13 -2. 105753C-O21 

14 7. 650574e-021 



di 


ni 




-335. 573 


-1. 0 


Ml 


748. 381 




112 


-391. 713 


-1. 0 


Fill 


392. 713 




F1I2 


60.000 




54. 213 


1. 56000 




0. 100 






51. 990 


1. 56000 




6. 291 






41. 649 


1. 56000 




a 100 




15. 000 


1. 56000 




11. 904 






29. 310 


1. 56000 





Obl-di stances 385. 595 



L = 1 100mm 

NA = 0.6 



2. 07485Oe-O06 
-1. 030439e-008 
-1. 873321e-010 
■9. 150769e-009 
-1. 113320e-008 

5. 404994e-€09 
-1. 606239e-007 

2. 498212a-007 

4. 97909 9e-007 



-2. 995664e-028 
-2. 729459e-029 
7. 7461686-036 
1. 7551566-029 
1. 8913436-026 
-3. 3569736-028 
-2. 8468306-028 
1. 0405486-024 
-1. 459197e-024 



B 

1. 0284976-012 
8. 6563246-014 

-2. 793967e-016 

-8. 581363e-014 
6. 313114e-012 

-2. 605582e-012 
1. 6918046-012 
1. 35O239e-011 

-1. 3446896-010 



a OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
a OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. 0000006+000 
0. OOOOOOe+OOO 
0. 0000006+000 
0. OOOOOOe+OOO 



1. 0O0198e-016 
1. O17720e-017 
-3. 564540e-021 
-1. 464695e-017 
-4. 9250436-016 

1. 463407e-016 
-2. 7627456-015 

2. 359108e-014 
4. 588479e-014 



-1. 543777e-020 

-3. 830427e-O21 
7. 6881596-026 
2. 978012e-021 
6. 437342e-020 

-4. 7894626-020 
1. 7815766-019 
& 6120846-019 

-2. 537504e-017 



25 



• 
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TABLE 14: EXAMPLE 14 



10 



i 


rl 


dl 


ni 




1 


-447. 799 


-347. 959 


-1.0 


VI 


2 


11489. 229 


811. 432 




U2 


3 


-804. 784 


-422. 009 


-1.0 


FH1 


4 


-1121. 103 


-15. 000 


-K 56 


LF 


5 


-431. 869 


-5. 561 


-1. 0 




6 


-1235. 236 


5. 561 




FH2 


7 


-431. 869 


1 5. 000 


1. 56000 


LF 


8 


-1121. 103 


423. 009 






9 


0.0 (stop) 


56. 691 






10 


-128. 913 


19. 560 


1. 56000 




11 


-108. 272 


a 309 






12 


124. 318 


2a 713 


1. 56000 




13 


694. 622 


0. 100 






14 


78. 512 


42. 819 


1. 56000 




15 


219, 566 


9. 184 






16 


-741. 750 


15.000 


1. 55000 




17 


92. 545 


14. 848 






18 


73. 579 


2a 344 


1. 56000 




19 


-2120. 514 









Obj-diJtince= 397. 959 



P=/5 
L= 1 100mr 
NA = 0.6 



15 



20 



aspherical surfaces 

f K 

1 1. 651069e+000 

2 -4. OOOOOOe+OOO 

3 -7. 638388e-002 
6 -3. 827967e+000 

1 1 0. OOOOOOe+OOO 

12 0. OOOOOOe+OOO 
14 0. OOOOOOe+OOO 

17 a OOOOOOe+000 

18 0. OOOOOOe+OOO 

i £ 

1 -7. 7226326-024 

2 2. 760856e-O25 

3 -1. 379314e-031 
6 -5. 871993e-026 

11 -6. 0732866-024 

12 -4. 157626e-023 
14 2. 612172e-024 

17 -5. 673999e-021 

18 6. 249971e-021 



2. 3749266-008 
1. 0430136-008 
-1. 8235326-010 
8. 6741016-009 
4. 8929316-008 

7. 0480426-008 
-3, 9241406-008 

8. 970756 6-007 
7. 110875e-007 



7. 56071 8C-028 
-1. 3543856-029 
5. 9432916-037 
2. 2132116-030 
& 4052996-028 
2. 5082346-027 

2. 1921076-027 

3. 0324646-024 
9.0500866-031 



B 

1. 702835e~012 
-1. 5176206-013 
-2. 1505046-016 
-I. O51516e-013 

5. 4164826-013 

2. 2846796-012 
-8. 5826406-012 

3. 4022206-01 1 
-5. 771239e-011 



1. 3907796-017 

4. 986190e-018 
-1. 108786e-O21 
-5.7521386-018 

5. 3819036-016 
-9. 6265276-016 

1. 8435386-015 
3. 720934e-O14 
5. 2108746-014 



a 0000006+000 
a 0000006+000 
a 0000006+000 
a 0000006+000 
a ooooooe+ooo 

0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. 0000006+000 
0, 0000006+000 



2. 6147326-020 
-2. 3716806-021 

1. 340316e-026 
6. 1454316-022 
1. 6786336-020 

3. 3385226-019 
-3. 3260776-019 

1. 395150e-017 
-9. 2409216-018 



25 
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TABLE 15: EXAMPLE 15 



10 



I 


rl 


di 


ni 


1 


204. 213 


15. 833 


1. 56000 


2 


382 S. 784 


413. 292 




3 


-106. 572 


15. 000 


1. 56000 


4 


-857. 552 


17. 304 




5 


-187. 562 


-17. 304 


-1. 0 


6 


-857. 552 


-15. 000 


-1. 56 


7 


-106. 572 


-408. 626 


-1. 0 


8 


-1909. 161 


951. 629 




9 


-858. 848 


-459. 710 


-1. 0 


10 


-214. 544 


-26. 074 


-1. 56 


11 


-423. 622 


-4. 701 


-1. 0 


12 


-291. 919 


4. 701 




13 


-423. 622 


26. 074 


1. 56000 


14 


-214. 544 


400. 010 




15 


a 0(stop) 


59. 759 




16 


424. 663 


15. 005 


1. 56000 


17 


-637. 707 


0. 101 




18 


135. 307 


20. 950 


1. 56000 


19 


482. 071 


a 101 




20 


86. 180 


31. 425 


1. 56000 


21 


18a 516 


9. 606 




22 


108, 812 


15. 000 


1. 56000 


23 


55, 211 


16. 293 




24 


82. 713 


23. 334 


1. 56000 


25 


-343. 416 







Obj-gi*Unce= 50. 000 



Ml 

UM1 



M2 
Fill 

LF 



3 = 1/4 
L = 1 1 90mm 
NA = 0.6 



15 



20 



25 



■spherical surfaces 

i K 

1 0. OOOOOOe+OOO 

2 0. OOOOOOe+OOO 

3 a OOOOOOe+OOO 
5 9. 757356e-001 

7 0. OOOOOOe+OOO 

8 -2. 324211e-O01 

9 -1. 351560e-001 
10 0. OOOOOOe+OOO 
12 2. 9226 94 e+ 000 

14 a ooooooe+ooo 

16 a OOOOOOe+000 

18 a OOOOOOe+000 

20 a O00000e4000 

23 a OOOOOOe+000 

24 a OOOOOOe+000 

i E 

1 -1. 461145e-023 

2 a OOOOOOe+000 

3 3. 9958456-023 
5 3. 224225e-024 

7 3. 995845e-023 

8 1. 248827e-026 

9 -3. 247603 e-031 

10 -5. 29401 6e~025 
12 -1. 6833540-024 
14 -S. 294016e-025 
16 2. 849939e-023 
18 -X 631059e-023 
20 -3. 275165C-023 

23 -3. 4574976-021 

24 -1. 9083956-021 



7. 845851 e-008 

1. 287363e-007 
5. 511695e-008 

2. 2452238-008 
5. 511695e-008 

-3. 741519e-009 
-4. 438792e-012 

1. 134S55e-008 

2. 325940e-008 
1. 134555e-008 

-5. 9943S0e-Q08 
-8. 290830e-008 
4. 8609896-008 
-4. 300839e-007 
-3. 101203eH)O7 



B 

3. 480979e-012 
5. 213100e-012 
2. 742398e-012 

4. 9616506-013 
2. 742398e-012 

-2. 965745 e-OW 
4 120307e-018 
-51 4746336-013 
-2. 3964386-013 
-5. 4746336-013 
-4. 756412e-012 
-4. 984870e-012 
1. 2136386-011 
-3. 4080556-011 
-4. 7663636-011 



-2. 192632e-016 
-3. 909292e-016 

2. 976607e-O16 
4. 876359e-017 
Z. 976607e-016 

3. 165593e-019 
6. 561688e-023 

-1. 0449296-016 
-1. 043026e-01G 
-1. 044929e-016 
-8. 685536e-017 

1. 936271e-015 
-2. 5503416-015 
-3. 7106896-015 

1. 5451426-015 



1. 281999e-027 

0. OOOOOOe+000 
-2. 211509e-027 
-1. 28766Se-028 
-2. 211S09eH>27 
-4. 508298e-032 

1. 929812e-036 
-6. 5227256-030 

X 4130906-029 
-6. 5227256-030 
-2. 1733746-027 

2. 2269646-027 
5. 637523C-027 
4. 90S0906-025 
8. 0870196-025 



a ooooooe+ooo 

a OOOOOOe+OOO 
0. OOOOOOe+OOO 
a OOOOOOe+OOO 
a OOOOOOe+OOO 
a OOOOOOe+000 
a OOOOOOe+OOO 
a OOOOOOe+OOO 
0. OOOOOOe+OOO 
a OOOOOOe+OOO 
0. OOOOOOe+OOO 
a OOOOOOe+OOO 

a 0000006+000 

0. 0000006+000 
0. OOOOOOe+OOO 



Z 6522756-020 
-2. 7570546-020 
-8. 1357846-020 
-9. 2181246-021 
-8. 1357846-020 
-1. 721869e-022 

1. 6393616-026 

1. 349222e-020 

2. 382476e-020 
1. 3492226-020 

-1. 0265346-019 

8, 1317796-021 

9. 6735126-020 
-2. 158579e-018 

1. 7956456-020 
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TABLE 16: 



EXAMPLE 16 



10 



i 


r t 


di 


ni 




1 


282. 936 


21. 255 


1. 56000 




2 


3684. 211 


449. 103 






3 


-267. 457 


1 5. 000 


1. 5E000 


LNl 


4 


-1371. 221 


5. 446 






5 


-321. 384 


-5. 446 


-1. 0 


ttn 


6 


-1371. 221 


-15. 000 


-1. 56 


7 


-267. 457 


-338. 525 


-1. 0 




8 


-154a 132 


368. 971 




Ml 


9 


440. 699 


35. 890 


1. 56000 


FL1 


10 


-1887. 670 


362. 966 






11 


-922. 802 


-332. 666 


-1. 0 


Fill 


12 


8422. 125 


-15. 000 


-1. 56 


LF 


13 


-462. 452 


-5. 300 


-1. 0 




14 


-1026. 228 


5. 270 




FU2 


15 


-462. 452 


15. 000 


1. 56000 


LF 


IS 


8422. 125 


268. 193 






17 


a 0(stop) 


64. 503 






18 


237. 890 


23. 809 


1. 56000 




19 


2990. 697 


12. 038 






20 


135l 928 


34. 579 


1. 56000 




21 


622. 05! 


3. 846 






22 


144. 391 


38. 185 


1. 56000 




23 


205. 170 


2. 454 






24 


114. 728 


15. 000 


1. 56000 




25 


72. 687 


9. 861 






28 


78. 971 


64. 113 


1. 56000 




27 


2179. 982 









0bJ-dlsttnce= 50. 267 



3=1/5 
L = 1 1 90mm 
NA = 0.6 



15 



20 



25 



•spherical surfaces 

f K 

I 0. 000000 e+000 

3 a 000000*4000 - 

5 7. 999895e-001 - 

7 a OOOOOOe+OOO - 

8 5. 000000*4000 

9 a 000000*4000 - 

11 -X 742879e-O01 - 

12 a 000000e4000 
14 3. 922730*4000 - 
16 0.000000*4000 
20 a 000000*4000 - 
22 a 000000*4000 

25 a 0000OOe+0O0 

26 a 000000*4000 

i E 

1 a 000000*4000 

3 a 000000*4000 

5 a 000000*4000 

7 a 00000064000 

8 a 000000e4000 

9 a OOOOOOe+OOO 

II 0. 000000*4000 
12 a 000000e4000 
14 a 000000*4000 
16 OL O00000e400O 
20 a 000000*4000 
22 0. 000000*4000 

25 a 000000*4000 

26 a 000000*4000 



4, 950479*-008 
•5. 113917e-009 

1. 71629B6-O09 

5. 113917e-009 

3. 994191e-009 
-4. 745677*-009 
-9. 987061e-011 

1. 256240e-O0S 
•I. 955485*-O08 

1. 256240*-008 
-4. 228533*-008 

1. 397442e-O08 

4. 243718e-00ft 
-1. 152710e-007 



B 

-1. 556107 *-01 2 
-2, 873876*-012 
-1. 1638676-012 
-2. S73876e-012 
-6. 866541e-014 

9. 727308e-015 
-8. 2677596-016 

2. 2243286-012 
-1 0156756-013 

2. 2243266-012 
-1. 7563376-012 
-6. 6526756-013 

1. 0081406-011 

4. 633120*-012 



1. 7191446-017 

2. 602766*-017 
2. 21463S*-018 
2. 6027666-017 

-1. 7998426-018 
-1. 323O106-O19 

2. 319422«-020 
-1. 743188e-015 
-1. 3035346-015 
-1. 7431886-015 
-1. 3411376-016 

1. 1801826-016 
-5. 060486e-O16 
-7. 184290*-016 



2. 1054316-021 
6. 788996e-020 
2. 1704966-020 
6. 7889966-020 

-3. 2131426-023 
1. 5523216-024 

-3. 7355826-026 
1. 6744186-019 
8.7091646-420 
1. 674418e-019 

-8. 2165306-021 
1. 9516056-020 

-5. 2985026-020 

-1. 928268e-019 



0. 000000*4000 
0. 000000*4000 

a. 000000*4000 
a oooooo*4000 

0. OOOOOOe+OOO 
0. 000000*4000 
0. 00000064000 
0. OOOOOOe+OOO 
0. 00000064000 
0. 000000*4000 
0. OOOOOOe+OOO 
0. 000000*4000 
0. 000000*4000 
0. 0000006+4)00 



a ooooooe40oo 

0. OOOOOOe+OOO 
a OOOOOOe+OOO 

a 000000*4000 
a ooooooo4000 
©. 000000&4000 
a 000000*4000 
a oooooo640oo 

0. 000000*4000 

a 00000064000 
a 000000*4000 
a. 000000*4000 

0. 000000*4000 

a 000000*4000 
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TABLE 17: 



EXAMPLE 17 



10 



i 


rt 


di 


oi 




1 


145. 866 


15. 654 


1. 56000 




2 


277. 033 


421. 902 






3 


-331. 764 


15. 000 


1. 56000 




4 


4Z7. 187 


37. 533 






5 


-243. 163 


-37. 533 


-1. 0 


in 


6 


427. 187 


-15. 000 


-1. 56 


LNM 


7 


-331. 764 


-400. 174 


-1. 0 




8 


-105a S90 


462. 707 




U2 


9 


1082. 335 


45. 592 


1. 56000 


FL1 


10 


-506. 181 


419. 093 




11 


-556. 173 


-34a 231 


-1. 0 




12 


89a 632 


-49. 792 


-1. 56 




13 


129. 563 


-12. 279 


-1. 0 




14 


503. 066 


12. 279 






15 


129. 563 


49. 792 


1. 56000 


16 


890. 632 


308. 936 






17 


a 0 (stop) 


34. 831 






IB 


212. 603 


15. 000 


1. 56000 




19 


358. 696 


a ioo 






20 


154. 082 


17. 867 


1. 56000 




21 


14558. 550 


a 107 






22 


233. 915 


24. 251 


1. 56000 




23 


-182.460 


0. 246 






24 


102. 219 


15. 000 


1. 56000 




25 


7a 401 


6. 731 






26 


78. 313 


4a 387 


1. 56000 




27 


-274. 349 









ObJ-dlst*nce= 64. 302 



3= 1/4 
L = 1 1 88mm 
NA = 0.6 



15 



•spherical surfaces 



20 



25 



i 

1 

3 

5 

7 

8 

9 
U 
13 
14 
15 a 

20 a 

22 a 

25 a 

26 a 



000000e4000 
000000e4000 
136452*4000 
000000e+000 
674765e-O01 
OOOOOOe+000 
4809726-001 
OOOOOOc+000 
9472S4e-001 
00000064000 
000000e+000 
OOOOOOe+OOO 
00000064000 
00000064000 



-4. 5433846-008 
•1. 396774e-008 
7. 4424176-009 
1. 3967746-008 
-5. 0801346-009 
-3. O96618e-O09 

7. 109927e-010 
5354246-008 
3698406-009 
5354246-008 
2542556-007 
3741966-007 

8. 4318916-008 
7. 6971636-O08 



B 

2. 0OB795e-O13 
-1- 3126906-012 

1. 3061206-013 
'1- 3126966-012 

2. 1698036-013 
6. 1228666-015 
-X. 9125296-015 

2711436-013 
-1. 353039t-013 
-4. 2711436-013 
-3. 6896206-012 
-1. 4378066-011 
-2. 7872956*011 
1.0132366-011 



-5. 987S97e-017 
-4. 099589e-017 

2. 1913946-018 
-4. 0995896-017 
-7. 3836666-018 
-3. 3241306-020 

3. 016030e-O21 
-5. 4235336-017 

1. 572367e~017 
-5. 4235336-017 
-I. 1106566-015 

3. 6026276-015 
-9. 5767356-015 
-6. 851146eH>15 



-7. 1784086-022 
-1. 2041306-021 
-3. 4141086-023 
-1. 2041306-021 
-2. 178985e-022 
-2. 4966876-026 
-2. 0090206-027 
2. 1561466-021 
-1. 2098046-021 
2. 1561466-021 
1. 9943696-019 
-X 6187776-019 
-5u 2559276-018 
-4. 2567756-018 



i E 

i a OOOOOOetOOO 

3 a OOOOOOe+OOO 

5 a 000000e4000 
7 a 00000064000 

6 a 00000064000 
9 a 00000064000 

n a 00000064000 

13 a 00000064000 

14 a 000000e4000 

is a ooooooe4ooo 

20 a OOOOOOe+OOO 

22 a 000000 e4000 

25 a 00000064000 

26 0. 00000064000 



0. 00000064000 

a 00000064000 
a oooooo64ooo 

0. 00000064000 
0. O00000e4000 

a oooooo6400o 
a ooooooe4ooo 

0. 00000064000 

a 00000064000 

0. 000000*4000 
0. 00000064000 
0. 00000064000 

a oooooo640oo 

0. 00000064000 



a oooooo64ooo 
a 00000064000 
a 00000064000 
a oooooo«40oo 
a oooooo640oo 

a 00OOQ0e+000 
a 000000e4000 

a 00000064000 
a ooooooe40oo 
a ooooooe4ooo 
a oooooohooo 
a 00000064000 
a ooooooe40oo 

a OOOOOOe+OOO 
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TABLE 18: 



EXAMPLE 18 



10 



i 


rl 


di 


n j 




1 


294. 105 


24. 410 


1. 56000 




2 


-2765. 072 


417. 053 




LN1 


3 


-116. 294 


15. 000 


1. 56000 


4 


-2872. 831 


20. 722 






5 


-186. 216 


-20. 722 


-1. 0 


Ml 


6 


-2872. 831 


-15. 000 


-1. 56 


7 


-116. 294 


-383. 291 


-1. 0 




8 


-1505. 962 


429. 623 




M2 


9 


444. 041 


63. 934 


1. 560OD 


10 


-3099. 408 


334. 815 






11 


-948. 436 


-300. 896 


-1. 0 


CP 


12 


-314. 227 


-16. 435 


-1. 56 




13 


-824.068 


-7. 484 


-1.0 




14 


-325. 089 


7. 484 




F F M2 


15 


-824. 068 


16. 435 


1. 56000 




16 


-314. 227 


301. 796 






17 


0. O(stop) 


55. 267 






18 


654. 524 


17. 101 


1. 56000 




19 


-493. 112 


a 100 






20 


127. 646 


36. 817 


1. 56000 




21 


9721. 169 


9. 587 






22 


124. 513 


19. 292 


1. 56000 




23 


107. 027 


11. 036 






24 


94. 369 


15. 000 


1. 56000 




25 


93. 351 


91 999 






26 


115.073 


47. 374 


1. 56000 




27 


-373. 527 









0bJ-4istance= 51. 375 



3-1/4 
L =11 97mm 
NA = 0.6 



15 



aspher ical surfaces 



20 



i 

i a 
3 o. 
5 9. 

7 0. 

8 -1. 

9 0. 

11 -3. 

12 0. 
14 -3. 
16 d 



19 
20 
22 
25 
26 



OOOOOOe+000 
OOOOOOe+000 
780048e-001 
OOOOOOe+000 
5395376+000 
OOOOOOe+000 
7767566+000 
OOOOOOe+000 
600157«+000 
OOOOOOe+000 
OOOOOOe+000 
OOOOOOe+000 
OOOOOOe+000 
OQOOOOe+OOO 
OOOOOOc+000 



3. 270469e-008 

4. 411046e~009 

1. 163827e-008 
4, 411O46e-O09 

3. 78690Oe-OO9 
-4. 149266eHH>9 

3421I1«-O10 
673O53e-O09 
076829e-008 
6738536-009 
130381e-O06 
3633396-008 

4. 46O228e-O09 
3.0161936-007 

2. 718387e-007 



-4. 
-1. 
-3. 

1. 

1. 
-2. 



B 

I 6183576-012 
-5. 4446596-013 

2.6167206-013 

SL 444659e-013 
-9L 4536226-014 

2. 3077716-015 
■2.3944006-015 
-3. 2817306-012 
-3. 3095506-012 
-3. 2817306-012 

1. 0483326-012 
-1. 7911516-012 
-2. 2673656-012 

2. 1510926-011 
2. 2549546-011 



4. 062834e-O16 
-4. 482642e-017 
-9.0555976-019 
-4. 482642e-017 

3. 24S795e-018 
-1. 7518526-021 

5. 4960396-020 

6. 6633236-016 
6. 1327856-016 
6. 6833236-016 

-2. 6897166-015 
-4. 4885656-016 
-2. 6535626-016 
-3. 503828e-016 
-7. 8556926-016 



-5. 2115356-020 
1. 2663656-019 
!. 1196046-020 
1. 2663656-019 
-2. 0120566-022 
-1. 213130e-024 
-1. 4068236-024 
-& 393102e-O2O 
-1. 0O2042e-O19 
-a 3931026-020 
t. 6096776-020 
-X 3023566-020 
£-051<02?-020 
-2. 0892396-016 
-2. 167393e-018 



25 



8 
9 
11 
12 
14 
16 



1 3. 
3 -1. 
5 -91 
7 -1. 
1. 
1. 
1. 
4. 
7. 
4. 



19 -7, 

20 -6. 
22 5L 

25 7. 

26 7. 



7664596-024 
6764406-023 
520370e-025 
6764406-023 
0420166*026 
1906836-029 
8319186-Q29 
9583366-024 
3280526-024 
9583366-024 
303 3086-02 5 
0495336-025 
9554476-023 
7566376-022 
445927e-022 



-1. 147383e-028 
2. 2064506-027 
9. 5451446-029 
2. 2064506-027 
-2. 6331166-031 
-3. 9960526-035 
-9. 5626706-035 
-1. 3289946-026 
-3. 1101756-028 
-1. 3289946-026 
3.9158706-029 
-2. 1102306-029 
-4. 6608436-027 
-7. 9970796-027 
-4. 5789516-026 



a oooooo e+ooo 

0. OOOOOOe+000 

a ooooooe+ooo 
a oooooo64ooo 
a ooooooe+ooo 
a ooooooe+ooo 

Ol 0000006+000 

a oooooo e+ooo 
a ooooooe+ooo 
a ooooooe+ooo 
a ooooooe+ooo 
a ooooooe+ooo 

0. 0000006+000 
0. OOOOOOe+000 

a 0000006+000 
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T ABLE 19: 



EXAMPLE 19 



10 



I 
1 


r i 


a i 


ni 




1 

1 


da i. d«3 


ID. #54 


I. 56000 




2 


—Rifts 1BC 


i cnn 
1. 50 U 






3 


700 


99 ICQ 


t ccnnn 
1. abUUU 




4 


591 SEfi 


9 AT IS7 I 




LN1 


5 


-ft a a 14 


1 3. UUU 


l cennn 
I. 5DUUU 






7 nnn 

f. UUU 






7 


13 1. 1 


f . UUU 


I. 0 


Ml 


o 


tut. U?V 


_ic Ann 

IS. UUU 


— 1 Cfi 
■ • 50 


LN1 


9 


-88. SI 4 


tlu, Of 1 






10 


l3Se! 187 


349. 374 




M2 


11 


19831. 441 


26. 737 


1. 56000 


FLI 


12 


-735. 739 


244. 705 






13 


-566. 816 


-219. 048 


-1.0 


Fill 


14 


-133. 579 


-14 510 


-1, 56 


LF 


IS 


-205. 618 


-1. 148 


-1.0 


16 


-202. 153 


t. 148 






17 


-205. 618 


14. 510 


1. 56000 




18 


-133. 579 


224. 997 






19 


a O(stop) 


-4 929 






20 


-119. 907 


20L 312 


1. 56000 




21 


-246. 626 


7. 094 






22 


153. 705 


24 772 


1. 56000 




23 


-385. 679 


18. 913 






24 


97. 386 


43. 291 


1. 56000 




25 


177. 767 


7. 651 






26 


95. 442 


31. 717 


1. 56000 




27 


364. 058 


6. 848 






28 


103. 255 


19. 448 


1. 56000 




29 


-1048. 656 









ObJ-df stance^ 51. 000 



3=1/5 
L = 934mm 
NA = 0.6 



15 



aspherical surfaces 



20 



1 0. 

3 a 
5 a 

7 -8. 

9 a 

10 x 

13 -S. 

14 a 

16 -SL 



18 
21 
23 
24 

26 
28 



000000e+000 
000O00e+000 
OOOOOOo+OOO 
634921 e-002 
0000000+000 
4036050+000 
700272e-0O1 
OOOOOOe+OOO 
969546e-001 
OOOOOOe+OOO 
OOOOOOe+OOO 
0000000+000 
000000e+000 
0000000+000 
000000e+000 



-6. 09331 3e-008 
6. 511812e-008 
2. 4764970-008 
5.76611*0-008 
2. 4764970-008 

-2. 5326760-009 
K734919e-010 
6. 26861 lc-009 
4. 762518e-009 

6. 26861 10-009 

7. 5001510-008 
-5. 9830250-009 

4. O60007e-O08 
-3. 7830400-007 
-9.4524180-008 



B 

4 5228340-012 
-3. 7235990-012 
-S. 1940740-012 
1. 4004030-011 
-5- 1940740-012 
4 9116690-014 
1. 7812130-015 
9.7902400-013 
K 2001700-013 
9. 7902400-013 
-2. 3704960-011 
Z. 3833400-011 
-9. 2972610-012 
1. 8831820-012 
-I. 957493e-011 



-2. 0180730-016 

1. 0130320-016 

2. 9345760-014 

1. 1716170-014 

2. 9345760-014 
1. 807B5Be-018 

-7. 4641350-021 
5.0960730-417 
6. 5769970-018 
5. 0960730-01 7 
-K 9653300-015 
-4 3963130-016 
1. 8737270-015 
-8. 0304660-016 
-1. 2446510-014 



2. 2671480-020 
-2. 5014880-021 
-6. 7710240-018 
-2. 4063790-018 
-6. 7710240-018 
-2. 2555060-022 

1. 1258150-024 
-4 7496460-020 
-5. 9597120-020 
-4 7496460-020 

3. 91 39500-01 9 
-2. 1975260-019 
-1. 4183200-019 
-7, 0577180-019 

a @Qpooo0+ooo 



1 -3. 
3 1. 



25 



10 1. 

13 -3. 

14 1. 
16 1. 
18 1. 
21 -1. 

23 1. 

24 1. 
26 8. 
26 -2. 



6709910-024 
3832720-024 
4633890-021 
0682440-022 
4833890-021 
7921090-026 
2880870-029 
0078470-023 
7696820-023 
0078470-023 
2676640-023 
9542110-023 
1710500-023 
1657620-023 
3984320-022 



2. 2287670-028 
-I. 1548920-028 
-9. 7239390-025 
-6. 3191190-026 
-9. 7239390-025 
-6. 2180300-031 

4 0852490-034 

2. 6452460-029 
-1. 1194110-027 

2. 6452460-029 
-8. 3194970-028 
-3. 1738360-029 
-3. 6814750-028 

1. 4117460-026 
-4 3761580-025 



a 0000000-tooo 
a 0000000+000 

a OOOOOOe+OOO 

a 0000000+000 
a 0000000+000 

a OOOOOOe+000 
a OOOOOOe+OOO 

a 0000000+000 
a 0000000+000 
a 0000000+000 
a 0000000+000 

o. 0000000+000 

a 0000000+000 

0. 0000000+000 
0. 0000000+000 
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TABLE 20: 



EXAMPLE 20 



10 



i 


r i 


<fi 


ni 




1 


245. 195 


40. 746 


1. 56000 




2 


565. 312 


378. 944 






3 


-198. 743 


1 5. 000 


1. 56000 


UNI 


4 


-553. 813 


2. 806 






5 


-383. 60S 


-2. 806 


-1. 0 


Ml 


6 


-553. an 


-15. 000 


-1. 56 


LN1 


7 


-198. 743 


-358. 732 


-I- 0 




8 


6976. 362 


386. 889 




H2 


9 


355. G85 


51. 490 


1. 56000 


FL1 


10 


-12321. 788 


369. 283 






11 


-1028. 093 


-343. 512 


-1. 0 




12 


73a 908 


-15. 000 


-1. 56 




13 


-1511. 630 


HL 100 


-1. 0 




14 


-1023. 030 


0.070 




m 


15 


-1511. 630 


1 5. 000 


1. 5600O 


16 


730. 908 


323. 513 






17 


0. 0(stop) 


39. 007 






13 


302. 719 


22. 983 


1. 56000 




19 


-6847. 780 


21. 360 






20 


145L 723 


31. 514 


1. 58000 




21 


618. 670 


8. 713 






22 


147. 653 


25. 174 


1. 56000 




23 


391. 950 


fi, 285 






24 


121. 433 


15.000 


1. 56000 




25 


80. 944 


14. 809 






26 


94. 829 


65. 564 


1. 56000 




27 


-506. 611 









Obj-di stance^ 50. 000 



P = 1/8 

L = 1 1 90mm 

NA = 0.6 



15 



aspherical surfaces 



20 



25 



14 
16 



I 

1 
3 

5 
7 

a 

9 

ii 

12 
14 
16 
20 

22 
25 



tl 1. 
12 0. 



20 0. 

22 0. 

25 a 

26 a 



26 0. 



OOOOOOe+OOO 
OOOOOOe+OOO 
85 3 481 ef 000 
OOOOOOe+OOO 
692105e+O00 
OOOOOOe+OOO 
213373e+000 
OOOOOOe+OOO 
815120e+O0O 
OOOOOOe+OOO 
OOOOOOe+OOO 
OOOOOOe+OOO 
000000e+000 
OOOOOOe+OOO 



OOOOOOe+OOO 
OOOOOOe+OOO 
OOOOOOe+OOO 
OOOOOOe+OOO 
OOOOOOe+OOO 
OOOOOOe+OOO 
OOOOOOe+OOO 
OOOOOOe+OOO 
OOOOOOe+OOO 
OOOOOOe+OOO 
OOOOOOe+OOO 
OOOOOOe+OOO 
OOOOOOe+OOO 
OOOOOOe+OOO 



2. 707002 e-008 
-1. 255216e-008 
-5, 942386e-009 
-1. 285216e-0Q8 

6. 776075e-009 
-7. 268271 e-009 
-1. 515625e-010 

Z. 663004e-009 
-5. 339360e-OO8 

2. 663004e-OO9 
-4. 537 132 e-008 

2. 2588106-008 

1. O33200e-0O7 
-2. 135939e-008 



0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 



B 

-8. 717359e-013 
-4. 644289e-012 
-1. 921556e-012 
-4. 644289e-012 
-I. 213.133e-013 
3. 352308e-015 
-6. 598956e-015 
-5. 964634e-012 
-6. 525763e-012 
-5. 964$34e-012 
-1. 444034e-O12 
-2. 784423e-012 
-6. 071918e-O12 
-6. 495251e-012 



1. 291774e-017 
-1. 098284e-O15 
-3. 991601e-016 
-I. 098284e-OI5 

2.083765e-O18 
-I. 357278e-019 

2. 230167e-Ol9 
-3. 1 32031 e-0 15 

026068e-01S 
-3. 132031C-01 5 
-6. 237537e-017 
-4. 694218e-017 
-2. 759843e-015 
-2. 642392e-015 



-8. 046O83e-O23 
4, 074896C-O20 

3. 0661666-020 

4. 074896e-020 
-3. 379785e-023 
-1. 824547e-024 
-3. 018642e-024 

3. 139422e-019 
1. 112273e-019 

3. 139422e-019 
-1. 225622e-020 

4. 207858e-O20 
-3. 195258e-OI9 
-2. 963340eH>19 



a OOOOOOe+OOO 
a OOOOOOe+OOO 
a OOOOOOe+OOO 
0. OOOOOOe+OOO 
a OOOOOOe+OOO 
a OOOOOOe+OOO 
a OOOOOOe+OOO 
0. OOOOOOe+OOO 
a OOOOOOe+OOO 
a OOOOOOe+OOO 

a ooooooe+ooo 

0. OOOOOOe+OOO 
a OOOOOOe+OOO 
a OOOOOOe+OOO 



• 
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TABLE 21: EXAMPLE 21 



10 



i 


rt 


di 


n i 




i 


248. 654 


45. 679 


1. 56000 




z 


2498. 279 


433. 450 






3 


-430. 357 


17. 451 


1. 56000 


LN1 


4 


1258. 317 


2. 793 






5 


-320.814 


-2. 793 


-1. 0 


LNl 


6 


1258. 317 


-17. 451 


-1. 56 


7 


-430. 357 


-170. 466 


-1. 0 




8 


-566426. 061 


200. 710 




U2 


9 


-1563. 039 


37. 005 


1. 56000 


FL1 


10 


-250. 953 


361. 172 






n 


-765. 976 


-329. 940 


-1. 0 


Fill 


12 


244. 884 


-15. 000 


-1.56 


LF 


13 


549. 490 


-6. 231 


-1. 0 




14 


-701. 208 


6. 201 




FU2 


15 


549. 490 


15. 000 


1. 56000 


LF 


16 


244. 884 


283. 488 






17 


0.0 (stop) 


46. 600 






18 


244. 341 


23. 507 


1. 56000 




19 


57346. 724 


0. 100 






20 


138. 156 


28. 770 


1. 56000 




21 


561. 247 


3. 336 






22 


145. 732 


37. 036 


1. 56000 




23 


260. 31B 


4. 990 






24 


111. 587 


15. 000 


1. 56000 




25 


70. 790 


33.292 






26 


75.408 


49. 617 


1. 56000 




27 


5689. 128 









Obj-distance= 50. 487 



&= 1/10 
L = 1 190mm 
NA = 0.6 



15 



20 



aspherical surfaces 



1 
3 
5 
7 
8 
9 
11 
12 
14 
16 
20 
22 



25 0. 

26 0. 



OOOOOOe+OOO 
OOOOOOe+OOO 
7O6536e+OO0 
OOOOOOe+OOO 
OOOOOOe+OOO 
000000e+000 
289899e-001 
000000 e+000 
00000064000 
OOOOOOe+OOO 
OOOOOOe+OOO 
OOOOOOe+OOO 
OOOOOOe+OOO 
OOOOOOe+OOO 



2. 521478e-009 

3. 993741 e-008 

4. 08251 2e-008 
3. 993741 e-008 

3. 971095C-009 

4. 759165e-009 
3. 568080e-010 

2. 6 1340 2 e-008 

3. 882997e-008 

2. 613402e-008 

4. 145601 e-008 
1. 029827e-008 
1. 056111e-007 

3. 282437e-008 



B 

8. 451485e-014 
2. 044280 c-01 2 

1. 158264e-011 

2. 044280e-012 

7. 223454e-014 
1. 313843e-014 
1. 3803160-015 

198710e-013 

1. 4338556-012 

9. I98710e-013 

2. 245S16e-012 
4. 482490e-015 

8. 819533e-012 

3. 472717e-012 



-9, 



5. 214505e-019 
1. 954603e-014 
7. 155566e-015 
1. 954603e-O14 
1. 08401 7e-018 
1. 109392e-019 
1. 016681e-020 
1. 784868e-016 
916913e-016 
784868e-016 
-8. 585230e-017 
1. 152103e-017 
3. 490901e-016 
-3. 391125e-016 



-1. 
1. 



-2. 685571e-023 
4. 0l6803e-018 

-2. 2694836-019 
4. 0168036-018 
6. 5877926-024 

-1. 2308666-024 

-6. 5875336-026 
2.0181566-020 
4. 859577 e-022 
2. 0181566-020 

-7. 2161506-021 

1. 349052 e-020 

2. 0037226-020 
-1. 4650196-019 



25 



1 

3 
S 
7 
8 
9 
If 
12 



20 
22 
25 



14 0. 
16 a 



26 0. 



OOOOOOelOOO 
OOOOOOe+000 
00000064000 
OOOOOOe+OOO 
0000006*000 
000000e4000 
OOOOOOe+OOO 
000000 6+ 000 
OOOOOOe+000 
00000064000 
000000 e+000 
000000 6+000 
OOOOOOe+000 
0000006+000 



0. OOOOOOe+000 
0. OOOOOOe+000 
0. OOOOOOe+OOO 
0. OOOOOOe+000 
0. OOOOOOe+000 
0. 00000064000 
0. 000000e4000 
0. OOOOOOe+000 
0. OOOOOOe+000 
0. OOOOOOe+000 
0. 00000064000 
0. 0000006+000 
0. OOOOOOe+000 
0. OOOOOOe+000 



a 0000006+000 

a OOOOOOe+OOO 
0. 0000006+000 
a OOOOOOe+OOO 
0. OOOOOOe+OOO 
a OOOOOOe+000 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. 0000006+000 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. OOOOOOe+OOO 
0. 0000006+000 
0. OOOOOOe+OOO 
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While the invention has been described with 



reference to the structures disclosed herein, it is 
not confined to the details set forth and this 
application is intended to cover such modifications or 
changes as may come within the purposes of the 
improvements or the scope of the following claims. 



10 



15 



20 



25 



